Composite Blade Structural Analyzer (COBSTRAN) demonstration manual by Aiello, Robert A.
NASA Technical Memorandum 101957 
Composite Blade Structural Analyzer 
(COBSTRAN) Demonstration Manual 
Robert A. Aiello 




[ NASA-TH-1019 5 7 )  
ANALYZER (COBSTRAN) DEHONSTBATION M A N U A L  
(NASA. L e v i s  Research Center) 6 9  pCSCL 11D 
COIYPOSITE BLADE ST BU CT UB AL N89-24459 
Unclas 




~~~ ~ ~~ ~ 
COBSTRAN Dcmonstration Manual 
C0;LIPOSIl’E BLADE STRUCTURAL, ANALYZl?R 
C O B S T R A N  
DEMONSTRATION MANUAL 
by 
R o b e r t  A. A i e l 1 0  
N. A. S.  A. Lew is  Research C e n t e r  
STRUCTURES DIVISION 
STRUCTURAL MECHANICS BRANCH 
VERSION 1.2 DATED 8/31/88 
COBS’I’RAN Demonstration Manual 
i 
INTRODUCTION 
The purpose o f  t h i s  manual i s  t o  show sample deck  se tups  f o r  
t h e  p re -  and p o s t p r o c e s s i n g  f e a t u r e s  o f  COBSTRAN. Problems 
1 t h r u  4 demonst ra te  mode l i ng  b l a d e s  w h i c h  a r e  s o l i d  t h r u - t h e -  
t h i c k n e s s  and prob lems 5 t h r u  7 demonst ra te  mode l i ng  a i r c r a f t  w i n g  
a i r f o i l s  w i t h  and w i t h o u t  i n t e r n a l  spa rs .  T h i s  manual i s  i n t e n d e d  
f o r  use i n  c o n j u n c t i o n  w i t h  t h e  COBSTRAN USER’S MANUAL. 
d e s c r i p t i o n  o f  a l l  Card Groups and t h e  f o r m a t  f o r  each can be  found  
i n  t h e  U S E R ’ S  MANUAL. 
te rms used i n  t h i s  manual may be found  i n  S e c t i o n  6 o f  t h e  USER’S 
MANUAL. 
t u r a l  a n a l y s i s  shown i n  these  problems i s  n o t  p r o v i d e d  here .  
A d e t a i l  
A d i c t i o n a r y  o f  a l l  program v a r i a b l e s  and 
I n t e r p r e t a t i o n  o r  d i s c u s s i o n  o f  t h e  f i n i t e  e lement  s t r u c -  
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PROBLEM NO. 1 
T h i s  example demonst ra tes  t h e  b a s i c  c h a r a c t e r i s t i c s  o f  t h e  
d a t a s e t s  r e q u i r e d  t o  implement t h e  COBSTRAN code. 
It i s  suggested t h a t  a new u s e r  t e s t  t h e  code u s i n g  t h i s  s m a l l  
p rob lem t o . g e t  a sample o f  t h e  o u t p u t  f r o m  COBSTRAN w i t h o u t  gener-  
a t i n g  t h e  l a r g e  q u a n t i t y  o f  o u t p u t  n o r m a l l y  a s s o c i a t e d  w i t h  
COBSTRAN p o s t p r o c e s s i n g .  
T h i s  s i m p l e  f l a t  p l a t e  i s  l oaded  such t h a t  p l y  f a i l u r e  w i l l  
be i n d i c a t e d  i n  t h e  p o s t p r o c e s s i n g  phase. The u s e r  i s  encouraged 
t o  m o d i f y  t h i s  p rob lem by chang ing  t h i c k n e s s e s  and/or  c h o r d  w i d t h s  
t o  demons t ra te  t h e  i n t e r p o l a t i n g  c a p a b i l i t i e s  w i t h i n  t h e  code. 
PREPROCESSOR DECK DESCRIPTION 
CARD GROUP 2 
These a r e  t h e  program o p t i o n s  f o r  t h i s  COBSTRAN problem. Each 
o p t i o n  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  COBSTRAN USER'S MANUAL. Fo r  
t h i s  case t h e  p r e p r o c e s s o r  i s  c a l l e d  t o  genera te  a mesh o f  one e l -  
ement t h r u - t h e - t h i c k n e s s .  
p r i n t o u t  i s  r e q u e s t e d  f o r  o u t p u t .  A COSMIC NASTRAN b u l k  d a t a  deck  
w i l l  be  genera ted  f o r  t h e  model and t h e  u s e r  w i l l  s p e c i f y  t h e  p l y  
l a y u p  o r d e r  t o  be used t o  c a l c u l a t e  m a t e r i a l  p r o p e r t i e s .  
An echo o f  t h e  i n p u t  d a t a  and a f u l l  
CARD GROUP 3 
Requ i red  ENDOPTIONS c a r d .  
CARD GROUP 4 
t o  be based on reduced bend ing  p r o p e r t i e s  and a r e  r e q u e s t e d  by 
IMAT = 2. 
Card Group 11 o f  t h i s  i n p u t  deck  a r e  d e s i g n a t e d  by NDES = 3.  
A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  genera ted  f o r  each node a r e  
The number o f  m a t e r i a l  systems(p1ys) t o  be d e s c r i b e d  i n  
CARD GROUP 5 
e r t i e s  as  i n d i c a t e d  by NOPLY = 8. 
be p r i n t e d  f o r  each p l y  l a y e r  a t  t h i s  g r i d  p o i n t .  
s e c t i o n s  w i l l  be used t o  d e f i n e  t h e  p l a t e  and t h i s  i s  i n d i c a t e d  by 
NSECT = 3. 
Node number 8 i s  d e s i g n a t e d  f o r  d e t a i l e d  o u t p u t  o f  p l y  p rop -  
F o r t y  two p l y  p r o p e r t i e s  w i l l  
Three c r o s s  
CARD GROUP 6 
The fo rm o f  t h e  g r  
( X Y ZU ZL TU TL 
f o r  o u t p u t  i s  i n d i c a t e d  
d p o i n t  i n p u t  
PU PL ). The 
b y  I U  = 15 and 
1-1 (8-31-88) 
n d i c a t e d .  by I G R D  = 1 i s  
number o f  s e c t i o n s  d e s i r e d  
t h e  number o f  nodes o u t p u t  
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p e r  c h o r d  i s  i n d i c a t e d  by JU = 5. 
ques ted  by MESH = 4. 
Q u a d r i l a t e r a l  e lements  a r e  r e -  
CARD GROUP 7 
g r i d  d e f i n i t i o n s .  
Each o f  t h e  t h r e e  chordwise  s e c t i o n s  w i l l  be d e f i n e d  b y  two 
CARD GROUP a 
The b l a d e  w i l l  be interpolated/extrapolated spanwise between 
t h e  two span d imens ions  s p e c i f i e d  by  XBEG = 0.0 and XEND = 10.5 .  
CARD GROUP 9 
s p e c i f i e d  by I G R D  = 1 (CARD GROUP 6 ) .  
s u r f a c e  but PLOAD c a r d s  w i l l  n o t  be genera ted  because no PRESSURE 
o p t i o n  i s  i n d i c a t e d .  
I n p u t  f o r  t h r e e  chordwise  s e c t i o n s  i s  p r o v i d e d  i n  t h e  f o r m  
Pressu re  i s  i n d i c a t e d  on t h e  
CARD GROUP 11 
by t w o  p h y s i c a l  records.  
Three compos i te  l a y e r s  a r e  s p e c i f i e d .  Each p l y  i s  r e p r e s e n t e d  
The f i r s t  r e c o r d  d e f i n e s  t h e  l o c a t i o n  o f  t h e  p l y  on t h e  b l a d e  
by p e r c e n t  o f  t h i c k n e s s ,  span and cho rd .  The f i r s t  two v a l u e s  on 
t h i s  r e c o r d  r e f e r  t o  t h e  i n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s  o f  t h e  
t h i c k e s t  g r i d  p o i n t  o f  t h e  b l a d e .  The t h i c k n e s s  c a l c u l a t e d  f r o m  
t h e  d i f f e r e n c e  i n  t h e s e  v a l u e s  d i v i d e d  b y  t h e  p l y  t h i c k n e s s  w i l l  
d e t e r m i n e  t h e  maximum number o f  l a y e r s  o f  t h i s  p a r t i c u l a r  p l y  a t  
a l l  o t h e r  g r i d  p o i n t s ,  n o t  t o  exceed t h e  a c t u a l  t h i c k n e s s  a t  each 
g r i d  p o i n t .  The n e x t  two v a l u e s  a r e  t h e  i n i t i a l  and f i n a l  p e r c e n t  
span and t h e  l a s t  two a r e  i n i t i a l  and f i n a l  p e r c e n t  c h o r d  as  shown 
i n  F g u r e  10 o f  t h e  USER’S MANUAL. 
Note:  I n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s e s  a r e  
i g n o r e d  when t h e  PLYORDER o p t i o n  i s  s p e c i f i e d .  
The second r e c o r d  s p e c i f i e s  f i b e r  t ype ,  m a t r i x  t y p e ,  p l y  
t h i c k n e s s ,  v o i d  volume r a t i o ,  f i b e r  volume r a t i o  and o r i e n t a t i o n  
a n g l e  i n  degrees r e l a t i v e  t o  t h e  s t r u c t u r a l  x - a x i s  as  shown i n  
F i g u r e  6 o f  t h e  USER’S MANUAL. 
CARD GROUP 13 
The p l y  s tack-up  o r d e r  f o r  ha 
p l y s  s t a r t i n g  a t  t h e  o u t e r  s u r f a c e  
t o  f i l l  t h e  t h i c k n e s s  w i l l  be used 
p l y s  i s  a v a i l a b l e  an ERROR message 
i g n a t i o n  numbers co r respond  t o  t h e  
l i s t e d  i n  CARD GROUP 11. 
f - t h i c k n e s s  i s  d e s i g n a t e d  b y  38 
Only  t h e  number o f  p l y s  needed 
I f  an i n s u f f i c i e n t  number o f  
w i l l  be p r i n t e d .  The p l y  des- 
o r d e r  i n  wh ich  t h e  p l y s  a r e  
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PREPROCESSOR DECK 
CARD GROUP DESIGNATION 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1- TITLE= DEMONSTRATION PROBLEM NO. 1 
1- TITLE= CANT1 LEVER BEAM 
2- PREPROCESSING 
2- SOLID BLADE 
2- PRTOUT DESIRED 
2- ECHO 
2- COSMIC NASTRAN 
2- PLYORDER SPECIFIED 
3- ENDOPTIONS 
4- 2 3 
5- 8 3 
6- 1 15 5 4 
7- 2 2 2  
8- 0 .0  10.5 
9- 0.0 -1.5 .075 -.075 
9- 0.0 1 .5  .075 -.075 
9- 5.0 -1.5 .075 -.075 
9- 5 .0  1 .5  .075 -.075 
9- 10 .0  -1.5 .075 -.075 
9- 10.0 1.5 .075 -.075 
11- 0.0 0.0 0.0 100.0 
11- T300 EPOX .005 0.0 .60 
11- 0 .0  0.0 0.0 100.0 
11- T300 EPOX .005 0.0 .60 
11- 0.0 0.0 0.0 100.0 
11- T300 EPOX .005 0.0 .60 
13- 38 
13- 1 3 2 3 1 3 2 3 1  
13- 1 3 2 3 1 3 2 3 1  
0.0 10 .0  











3 2 3 1 3 2 3 1 3 2 3  
3 2 3 1 3 2 3 3 3  
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DATABANK 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1 
T300 A N I S  10-26-79 NO REF. 
3000 .0003 
1 
0 .0  .064 32000000. 2000000. .20  
-.00000055 .0000056 580. 
0.0 0.0 0.0 
EPOX IS0 10-26-79 NO REF. 
1 
1 
0.0 .0443 500000. 
15000. 21000. 7000. 
1 
1.0 4.0 1.0 
1.0 2.0 1.0 
1.0 .16 1.0 
1.37 .80 13.3 
1.0 1 .0  1.0 
T300/EPOX 10-26-79 
58. .17 




1 . 0  .70 
31900. 16.5 
1.0 1.0 
.25 1300000. 700000. 
350000. 300000. 0.0 
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NASTRAN Deck 
NASTRAN F I  LES=PLT2 
I D  DEMO NO. 1 
APP DISP 
SOL l , o  
TIME 60 
CEND 
TITLE = CANTILEVER BEAM 
SPC = 25 
DISP = ALL 
LOAD = 2 
SPCF = ALL 
STRESS( PRINT,PUNCH) = ALL 
SET 1 = ALL 
AXES = MZ,MY,X 
VIEW = O . O , O . O , O . O  




FORCE 2 6 1  12.5 0.0 0.0 1.0 
FORCE 2 62 25.0 0.0 0.0 1 .0  
FORCE 2 63 25.0 0.0 0.0 1.0 
FORCE 2 64 25.0 0.0 0.0 1 .0  
FORCE 2 65 12.5 0.0 0.0 1.0 
SPC 25 1 13456 
s PC 25 2 13456 
SPC 25 3 123456 
SPC 25 4 13456 
SPC 25 5 13456 
GRDSET 6 
1-5 (8-31-88) 




CARD GROUP DESIGNATION 
CARD GROUP 2 
Three o p t i o n  c a r d s  a r e  used i n  t h i s  p o s t p r o c e s s i n g  deck. 
POSTPROCESSING and SOLID s p e c i f y  t h a t  p o s t p r o c e s s i n g  o f  two- 
d imens iona l  s t r e s s  o u t p u t  f r o m  a s t r u c t u r e  modeled u s i n g  t h e  
SOLID b l a d e  f o r m a t .  PRTOUT i n d i c a t e s  t h a t  a l l  o u t p u t  i s  t o  
be p r i n t e d .  T h a t  i s ,  s t r e s s ,  s t r a i n  and f a i l u r e  c r i t e r i a  f o r  
e v e r y  p l y  l a y e r  a t  e v e r y  g r i d  p o i n t .  A l s o ,  i n t e r p l y  s t r e s s e s  
and marg ins  o f  s a f e t y  f o r  a l l  p l y  i n t e r f a c e s  a t  e v e r y  g r i d  
p o i n t .  
CARD GROUP 3 
Requ i red  ENDOPTIONS c a r d .  
CARD GROUP 4 
and NSPAR. KSMF i s  used t o  s e l e c t  t h e  method f o r  c a l c u l a t i n g  
t h e  s t r a i n  m a g n i f i c a t i o n  f a c t o r  wh ich  w i l l  be used i n  es tab -  
l i s h i n g  t h e  l i m i t i n g  s t r e s s  v a l u e s  f o r  each p l y  l a y e r  i n  each 
node. 
I f  t h e  u s e r  i s  n o t  f a m i l i a r  w i t h  t h e  o p t i o n s  a v a i l a b l e  t h e  
d e f a u l t  v a l u e  o f  0 i s  recommended. The o t h e r  i n t e g e r s  i n  t h i s  
c a r d  group a r e  f o r  t h e  SHELL/SPAR o p t i o n  and may be n e g l e c t e d  
f o r  t h i s  p rob lem because t h e  SOLID o p t i o n  i s  s e l e c t e d  i n  Card  
Group 2. 
The t h r e e  i n t e g e r  v a l u e s  on t h i s  c a r d  a r e  KSMF, NXSECT 
S e t t i n g  KSMF = 2 s e l e c t s  D a n i e l ' s  i n d i r e c t  method. 
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PLOT OF DEMO NO. 1 
8- INPUT POINTS 
Y 
TOTAL FORCE = 100 LB 
PLATE THICKNESS 0.15 IN. 
X 
FIGURE 1. - DEMONSTRATION PROBLEM NUMBER 1, CANTILEVER BEAM. 
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PROBLEM NO. 2 
T h i s  p rob lem demonst ra tes  t h e  a p p l i c a t i o n  o f  a p l y  s u r f a c e  
i n l a y  t o  change t h e  c h a r a c t e r i s i c s  o f  a t u r b o p r o p  b l a d e  o r i g i n a l l y  
des igned  w i t h  a l l  g r a p h i t e / e p o x y  composi tes.  The Boron/aluminum 
i n l a y  w i l l  l i e  on t h e  s u r f a c e  between 20 t o  80 p e r  c e n t  o f  span and 
between 15 t o  85 p e r  c e n t  o f  chord .  
PREPROCESSOR DECK DESCRIPTION 
CARD GROUP 2 
These a r e  t h e  program o p t i o n s  f o r  t h i s  COBSTRAN problem. Each 
o p t i o n  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  COBSTRAN U S E R ' S  MANUAL. For  
t h i s  case t h e  p r e p r o c e s s o r  i s  c a l l e d  g e n e r a t i n g  a mesh o f  one e l e -  
ment t h r u - t h e - t h i c k n e s s .  An echo o f  t h e  i n p u t  d a t a  and a f u l l  
p r i n t o u t  i s  r e q u e s t e d  f o r  o u t p u t .  A C O S M I C  NASTRAN b u l k  d a t a  deck  
w i l l  be g e n e r a t e d  f o r  t h e  model and PLYORDER i n d i c a t e s  t h a t  t h e  u s e r  
w i l l  supp ly  t h e  p l y  l a y u p  o r d e r  i n  Card Group 13 t o  be used t o  
c a l c u l a t e  m a t e r i a l  p r o p e r t i e s .  
CARD GROUP 3 
Requ i red  ENDOPTIONS ca rd .  
CARD GROUP 4 
t o  be based on reduced bend ing  p r o p e r t i e s  and a r e  r e q u e s t e d  b y  
IMAT = 2. 
Card Group 11 o f  t h i s  i n p u t  deck  a r e  d e s i g n a t e d  b y  NDES = 5. 
A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  genera ted  f o r  each node a r e  
The number o f  m a t e r i a l  systems(p1ys) t o  be  d e s c r i b e d  i n  
CARD GROUP 5 
Node number 174 i s  d e s i g n a t e d  f o r  d e t a i l e d  o u t p u t  o f  p l y  
p r o p e r t i e s  as  i n d i c a t e d  by  NOPLY = 174. F o r t y  two p l y  p r o p e r t i e s  
w i l l  be p r i n t e d  f o r  each p l y  l a y e r  a t  t h i s  g r i d  p o i n t .  T h i r t y  one 
c r o s s  s e c t i o n s  w i l l  be used t o  d e f i n e  t h i s  b l a d e  and i s  i n d i c a t e d  
b y  NSECT = 31. 
CARD GROUP 6 
The fo rm o f  t h e  g r i d  p o i n t  i n p u t  i n d i c a t e d  by I G R D  = 1 i s  
( X Y ZU ZL TU TL PU PL ) .  The number o f  s e c t i o n s  d e s i r e d  
f o r  o u t p u t  i s  i n d i c a t e d  by  I U  = 3 1  and t h e  number o f  nodes o u t p u t  
p e r  c h o r d  i s  i n d i c a t e d  b y  JU = 9. Q u a d r i l a t e r a l  e lemen ts  a r e  r e -  
ques ted  b y  MESH = 4. 
2-1 (8-31-88) 
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CARD GROUP 7 
c o n t a i n  7,8 o r  9 g r i d  p o i n t  c o o r d i n a t e s  and/or l oads .  
Each o f  t h e  t h i r t y  one chordwise  s e c t i o n  d e f i n i t i o n s  w i l l  
CARD GROUP 8 
t h e  two span d imens ions  s p e c i f i e d  by  XBEG = 2.060 and XEND = 12.25. 
The b l a d e  w i l l  be interpolated/extrapolated spanwise between 
CARD GROUP 9 
f o r m a t  X Y ZU ZL f o r  each g r i d  p o i n t .  
I n p u t  f o r  t h i r t y  one chordwise  s e c t i o n s  i s  p r o v i d e d  i n  t h e  
CARD GROUP 11 
F i v e  compos i te  l a y e r s  a r e  s p e c i f i e d .  Each p l y  i s  r e p r e s e n t e d  
b y  two p h y s i c a l  r e c o r d s .  The boron/aluminum p l y  i s  t h e  i n l a i d  p l y  
and does n o t  e x i s t  o v e r  t h e  f u l l  b l a d e .  F i b e r  and m a t r i x  i s  t h e  
same f o r  t h e  o t h e r  f o u r  p l y s  b u t  t h e  o r i e n t a t i o n  a n g l e  o r  t h i c k n e s s  
i s  d i f f e r e n t .  
The f i r s t  r e c o r d  d e f i n e s  t h e  l o c a t i o n  o f  t h e  p l y  on t h e  b l a d e  
by p e r c e n t  o f  t h i c k n e s s ,  span and cho rd .  The f i r s t  t w o  v a l u e s  on 
t h i s  r e c o r d  r e f e r  t o  t h e  i n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s  o f  t h e  
t h i c k e s t  g r i d  p o i n t  o f  t h e  b lade .  The t h i c k n e s s  c a l c u l a t e d  f r o m  
t h e  d i f f e r e n c e  i n  t h e s e  v a l u e s  d i v i d e d  by  t h e  p l y  t h i c k n e s s  w i l l  
d e t e r m i n e  t h e  maximum number o f  l a y e r s  o f  t h i s  p a r t i c u l a r  p l y  a t  
a l l  o t h e r  g r i d  p o i n t s ,  n o t  t o  exceed t h e  a c t u a l  t h i c k n e s s  a t  each 
g r i d  p o i n t .  The n e x t  two v a l u e s  a r e  t h e  i n i t i a l  and f i n a l  p e r c e n t  
span and t h e  l a s t  two a r e  i n i t i a l  and f i n a l  p e r c e n t  c h o r d  a s  shown 
i n  F i g u r e  10 o f  t h e  U S E R ' S  MANUAL. 
Note :  I n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s e s  a r e  
i g n o r e d  when t h e  PLYORDER o p t i o n  i s  s p e c i f i e d .  
The second r e c o r d  s p e c i f i e s  f i b e r  t ype ,  m a t r i x  t y p e ,  p l y  
t h i c k n e s s ,  v o i d  volume r a t i o ,  f i b e r  volume r a t i o  and o r i e n t a t i o n  
a n g l e  i n  degrees  r e l a t i v e  t o  t h e  s t r u c t u r a l  x - a x i s  as shown i n  
F i g u r e  6 o f  t h e  USER'S MANUAL. 
CARD GROUP 13 
The p l y  s tack-up  o r d e r  f o r  h a l f - t h i c k n e s s  i s  d e s i g n a t e d  by 111 
p l y s  s t a r t i n g  a t  t h e  o u t e r  s u r f a c e .  On ly  t h e  number o f  p l y s  needed 
t o  f i l l  t h e  t h i c k n e s s  w i l l  be used. I f  an i n s u f f i c i e n t  number o f  
p l y s  i s  a v a i l a b l e  an ERROR message w i l l  be p r i n t e d .  The p l y  des- 
i g n a t i o n  numbers co r respond  t o  t h e  o r d e r  i n  wh ich  t h e  p l y s  a r e  
l i s t e d  i n  CARD GROUP 11. 
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PREPROCESSOR DECK 
CARD GROUP DESIGNATION 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1- T I T L E =  DEMONSTRATION PROBLEM N 0 . 2  
1- T I T L E =  GRAPHITE/EPOXY TURBOPROP BLADE WITH 
1- T I T L E =  SURFACE INLAYS OF BORON ALUMINUM 
2- PREPROCESSOR 
2- ECHO 
2- PRTOUT DESIRED 
2- S O L I D  BLADE 
2- COSMIC NASTRAN 
2- PLYORDER S P E C I F I E D  
3- ENDOPTIONS 
4- 2 5 0 0 0  
5- 174 31 0 0 
6- 1 31 9 4 
7- 7 7 7 7 7 7 7 7 7 7 8 9 9 9 9 9 9 9 9 9  
7- 9 9 9 9 9 9 9 9 9 9 9  
8- 2.060 12.25 
9- 2.0600 -.4710 .2936 -.2936 
2.0600 -.3470 .4331 -.4331 
2.0600 -.1980 .5185 -.5185 
2.0600 .OOOO .5550 -.5550 
2.0600 .1980 .5185 -.5185 
2.0600 .3470 .4331 -.4331 
2.0600 .4710 .2936 -.2936 
2.2100 -.4710 .2936 -.2936 
2.2100 -.3470 .4331 -.4331 
2.2100 -.1980 -5185 -.5185 
2.2100 .OOOO .5550 -.5550 
2.2100 .1980 .5185 -.5185 
2.2100 .3470 .4331 -.4331 
2.2100 .4710 .2936 -.2936 
2.3600 -.4710 .2936 -.2936 
2.3600 -.3470 ,4331 -.4331 
2.3600 -.1980 .5185 -.5185 
2.3600 .OOOO .5550 -.5550 
2.3600 .1980 .5185 -.5185 
2.3600 .3470 .4331 -.4331 
2.3600 .4710 .2936 -.2936 
2.5100 -.4710 .2936 -.2936 
2.5100 -.3470 .4331 -.4331 
2.5100 -.1980 .5185 -.5185 
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2.7783 - .ozoo 
2.7783 . I 9 8 0  
2.7783 .3470 
2.7783 . 4 7 i o  

















2.9125 . I 9 8 0  
3.0467 - .3aoo 
3.2144 -.aooo 




3.3821 -. 1944 
3.3821 . n a o  









































































































































































































































































































































































































COI3STRiIN Dcmonstrrition Manual 
8 .1924 -1.4747 
8.1924 -1.0872 
8.1924 -.7004 




8 .1924 1.2341 
8.1924 1.6213 
8 .6433 -1.4509 
8.6433 -1.0698 
8 .6433 -.6892 
8.6433 -.3086 
8 .6433 .0716 
8.6433 .4525 
8.6433 .8331 
8 .6433 1.2139 
8 .6433 1 .5948 
9.0941 -1,4196 
9.0941 -1.0472 
9 .0941 -.6753 























9.9958 1 ,4611  
10.4466 -1.2872 
10.4466 -.9507 
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10.4466 -.2786 -.1620 -.2473 
10.4466 .0574 .0894 .0012 
10.4466 .3935 .3357 .2515 
10.4466 .7295 .5752 .5052 
10.4466 1.0657 .8066 .7632 
10.4466 1 .4021 1 .0281 1 .0231 
10.8975 -1.2174 -.9406 -.9493 
10.8975 -.8997 -.6678 - .7211 
10.8975 -.5823 -.4122 -.4832 
10.8975 -.2649 -.1620 -.2424 
10.8975 .0524 -0838 - .OOOO 
10.8975 .3698 .3252 .2456 
10.8975 .6872 .5608 .4944 
10.8975 1.0047 .7892 .7480 
10.8975 1.3224 1.0094 1.0044 
11.3483 -1.1223 -.8913 -.8992 
11.3483 - .8301 - .6348 -.6843 
11.3483 -.5383 -.3936 -.4595 
11.3483 -.2465 -.1570 -.2316 
11.3483 .0454 -0759 -.0018 
11.3483 .3372 .3048 .2309 
11.3483 .6291 .5288 .4671 
11.3483 .9210 .7467 .7082 
11.3483 1.2131 .9578 .9528 
11.7992 -.9797 - .8011 -.8079 
11.7992 -.7252 -.5724 -.6159 
11.7992 - .4711 -.3564 -.4145 
11.7992 -.2170 - .1441 -.2099 
11.7992 -0372 .0653 - .0031 
11.7992 .2913 .2714 .2060 
11.7992 .5455 .4735 .4188 
11.7992 .7997 .6705 .6364 
11.7992 1.0541 .8627 .8577 
12.2500 -.4519 -.3784 --.3834 
12.2500 -.3347 -.2716 -.2920 
12.2500 -.2176 -.1696 -.1967 
12.2500 - . l o 0 5  - .0691 -.0999 
12.2500 .0166 .0301 -.0020 
12.2500 .1337 .1279 .0972 
12.2500 .2508 .2239 .1983 
12.2500 .3679 .3175 .3015 
9- 12.2500 .4851 .4107 .4057 
11- .oooo .oooo .oooo 100.0000 .oooo 100.0000 
11- T300 EPOX .0050 . 0000 .6000 -45.0000 
11- .oooo .oooo .oooo 100.0000 .oooo 100.0000 
11- T300 EPOX .0050 .oooo .6000 45.0000 
11- .oooo .oooo .oooo 100.0000 .oooo 100.0000 
11- T300 EPOX .0050 .oooo .6000 . 0000 
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11- 0 .0  
11- BOR5 ALT6 
11- - 0000 
11- T300 EPOX 
13- 111 
13- 4 4 4 
13- 3 3 3 
13- 3 3 3 
13- 3 3 3 
13- 3 3 3 
13- , 3 3 3 




3 3  
2 3  
3 3  
3 3  
3 3  





2 3 3 3 3  
3 3 1 3 3  
3 3 3 3 3  
3 3 3 3 3  
3 3 3 3 3  





1 3 3 3 3 2 3 3 3 1  
3 2 3 3 3 1 3 3 3 3  
3 3 3 3 3 3 3 3 3 3  
3 3 3 3 3 3 3 3 3 3  
3 3 3 3 3 3 3 3 3 3  
5 
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DATABANK 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
I 2 
T300 A N I S  10-26-79 NO REF. 
3000 .0003 
1 
0.0  .064 32000000. 2000000. 
-.00000055 .0000056 580. 58. 
0.0 0.0 0.0 
BOR5 IS0 04-11-74 NO REF. 
1 .0056 
1 
0.0 .095 58000000. 58000000. 
,0000028 .0000028 223. 223. 
200000. 100000. 100000. 
2 
1 
EPOX IS0 10-26-79 NO REF. 
0 .0 .0443 
15000. 21000. 






1 . 0  4 . 0  
1 . 0  2.0 
1 . 0  .16 
1 .37  .80  
1 . 0  1 .0  
1 . 0  4 .0  
1.0 2.0 
.56 1.0 
.462 .30  
1 . 0  1 . 0  
BOR5/ALT6 01-25-77 






1 . 0  1 . 0  
13.3 31900. 
1 .0  1 .0  
1 .0  2.0 
1 . 0  1.0 
1.0 1.0 
8 .33  52000. 




.25 1300000. 700000. 
350000. 300000. 0.0 










1 .0  
1 . 0  4.0 
1 .0  1 .0  
.313 .343 
2.92 1.0 
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NASTRAN Deck 
NASTRAN F I  LES=PLTZ 
I D  DEMO NO. 2 




TITLE = GRAPHITE/EPOXY TURBOPROP BLADE WITH BORON/ALUMINUM INLAYS 
SUBTITLE = ROTOR SPEED 8500 RPM 
SPC = 25 
D I S P  = ALL 
FORCE = ALL 
SPCF = ALL 
STRESS(PRINT,PUNCH) = ALL 
LOAD = 8500 
PLOTTER NASTPLT T,O 
SET 1 = ALL 
AXES MZ,Y,X 
VIEW O . O , O . O , O . O  
FIND SCALE O R I G I N  1 SET 1 
AXES X,Y,Z 
V I E W  O . O , O . O , O . O  





PARAM GRDPNT 0 
RFORCE 8500 0 141.667 0. 1. .022 
S P C l  25 13456 1 THRU 9 
S P C l  25 6 8 THRU 21  
SPC 25 5 123456 
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POSTPROCESSOR DECK 
CARD GROUP DESIGNATION 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.......,.0.........0.........0 
1- TITLE= DEMONSTRATION PROBLEM NO. 2 
1- TITLE= GRAPH/EPOXY TURBOPROP BLADE WITH 
1- TITLE= SURFACE INLAYS OF BORON ALUMINUM 
2- POSTPROCESSOR 
2- SOLID BLADE 
3- ENDOPTIONS 
4- 0 0 0  
6- 160 168 
CARD GROUP 2 
POSTPROCESSING and SOLID s p e c i f y  t h a t  p o s t p r o c e s s i n g  o f  two- 
d imens iona l  s t r e s s  o u t p u t  f r o m  a s t r u c t u r e  modeled u s i n g  t h e  
SOLID b l a d e  f o r m a t .  
Two o p t i o n  c a r d s  a r e  used i n  t h i s  p o s t p r o c e s s i n g  deck. 
CARD GROUP 3 
Requ i red  ENDOPTIONS ca rd .  
CARD GROUP 4 
and NSPAR. KSMF i s  used t o  s e l e c t  t h e  method f o r  c a l c u l a t i n g  
t h e  s t r a i n  m a g n i f i c a t i o n  f a c t o r  wh ich  w i l l  be used i n  es tab -  
l i s h i n g  t h e  l i m i t i n g  s t r e s s  v a l u e s  f o r  each p l y  l a y e r  i n  each 
node. 
recommended. 
t i o n  and may be n e g l e c t e d  f o r  t h i s  p rob lem because t h e  SOLID 
o p t i o n  i s  s e l e c t e d  i n  Card Group 2.  
The t h r e e  i n t e g e r  v a l u e s  on t h i s  c a r d  a r e  KSMF, NXSECT 
S e t t i n g  KSMF = 0 s e l e c t s  t h e  d e f a u l t  v a l u e  w h i c h  i s  
The o t h e r  i n t e g e r s  a r e  f o r  t h e  SHELL/SPAR op- 
CARD GROUP 6 
GROUP 2 t h e  u s e r  may s e l e c t  up t o  10 g r i d  p o i n t  s e q u e n t i a l  
s e t s  f o r  p o s t p r o c e s s i n g  o u t p u t .  Fo r  t h i s  p rob lem g r i d  p o i n t s  
160 t h r u  168 were s e l e c t e d .  I f  no o u t p u t  i s  d e s i r e d  a b l a n k  
r e c o r d  must be p r o v i d e d .  
Because t h e  o p t i o n  PRTOUT was n o t  s e l e c t e d  i n  CARD 
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PLOT OF DEMO N0.2 
15% CHORD - 
2.06 I N .  
FIGURE 2. - DEMONSTRATION PROBLEM NUMBER 2, GRAPHITVEPOXY TURBOPROP BLADE WITH SURFACE 
INLAYS OF BORON/ALUMINUM. 
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PROBLEM NO. 3 
T h i s  p rob lem i s  s i m i l a r  t o  PROBLEM NO. 1 excep t  t h e  u s e r  has 
compos i te  p l y  p r o p e r t i e s  a v a i l a b l e  f o r  use i n  t h e  a n a l y s i s .  How- 
eve r ,  COBSTRAN i s  des igned  t o  a lways  use c o n s t i t u e n t  f i b e r  and ma- 
t r i x  p r o p e r t i e s  and use t h e  micromechanics module t o  genera te  p l y  
p r o p e r t i e s .  An a l g o r i t h m  i s  p r o v i d e d  i n  COBSTRAN t o  e x t r a c t  ap- 
p r o x i m a t e  f i b e r  and m a t r i x  p r o p e r t i e s  co r respond ing  t o  u s e r  sup- 
p l i e d  compos i te  p l y  p r o p e r t i e s .  To use t h i s  a l g o r i t h m ,  a s p e c i f i c  
m a t r i x  d e s i g n a t e d  ' S P O X '  and a f i b e r  d e s i g n a t e d  'T300 'must  be  
s p e c i f i e d  f rom t h e  i n t e r n a l  da tabank.  See S e c t i o n  3, PROPERTY I N -  
PUT, o f  t h e  USER'S MANUAL f o r  more d e t a i l s .  
PREPROCESSOR DECK DESCRIPTION 
CARD GROUP 2 
These a r e  t h e  program o p t i o n s  f o r  t h i s  COBSTRAN problem. Each 
o p t i o n  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  COBSTRAN USER'S MANUAL. Fo r  
t h i s  case t h e  p rep rocesso r  i s  c a l l e d  t o  genera te  a mesh o f  one e l -  
ement t h r u - t h e - t h i c k n e s s .  An echo o f  t h e  i n p u t  d a t a  and a f u l l  
p r i n t o u t  i s  reques ted  f o r  o u t p u t .  A C O S M I C  NASTRAN b u l k  d a t a  deck  
w i l l  be  genera ted  f o r  t h e  model and t h e  u s e r  w i l l  s p e c i f y  t h e  p l y  
l a y u p  o r d e r  t o  be used t o  c a l c u l a t e  m a t e r i a l  p r o p e r t i e s .  S e l e c t i o n  
o f  t h e  PROPERTIES o p t i o n  i n d i c a t e s  t h a t  t h e  u s e r  w i l l  s u p p l y  p l y  
p r o p e r t i e s  f o r  some o r  a l l  p l y  l a y e r s  and CARD GROUP 15 i s  a c t i -  
va ted .  S e l e c t i o n  o f  t h e  PRESSURE LOAD o p t i o n  i n d i c a t e s  t h a t  t h e  
p r e s s u r e s  on t h e  g r i d  p o i n t  i n p u t  r e c o r d s  w i l l  be i n t e r p o l a t e d  o v e r  
t h e  b l a d e  s u r f a c e  and NASTRAN PLOAD c a r d s  w i l l  be genera ted  f o r  t h e  
model. 
CARD GROUP 3 
Requ i red  ENDOPTIONS ca rd .  
CARD GROUP 4 
t o  be  based on reduced bend ing  p r o p e r t i e s  and a r e  reques ted  by 
IMAT = 2. The number o f  m a t e r i a l  systems(p1ys) t o  be d e s c r i b e d  i n  
Card  Group 11 o f  t h i s  i n p u t  deck  a r e  d e s i g n a t e d  by NDES = 3. 
A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  genera ted  f o r  each node a r e  
CARD GROUP 5 
e r t i e s  as  i n d i c a t e d  by NOPLY = 8. F o r t y  two p l y  p r o p e r t i e s  w i l l  
be p r i n t e d  f o r  each p l y  l a y e r  a t  t h i s  g r i d  p o i n t .  
s e c t i o n s  w i l l  be used t o  d e f i n e  t h e  p l a t e  and t h i s  i s  i n d i c a t e d  by 
NSECT = 3. 
Node number 8 i s  d e s i g n a t e d  f o r  d e t a i l e d  o u t p u t  o f  p l y  p rop -  
Three c r o s s  
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CARD GROUP 6 
( X Y ZU ZL TU TL PU PL ) .  The number o f  s e c t i o n s  d e s i r e d  
f o r  o u t p u t  i s  i n d i c a t e d  by I U  = 15 and t h e  number o f  nodes o u t p u t  
p e r  cho rd  i s  i n d i c a t e d  b y  JU = 5. Q u a d r i l a t e r a l  e lements  a r e  r e -  
ques ted  by MESH = 4. 
The fo rm o f  t h e  g r i d  p o i n t  i n p u t  i n d i c a t e d  b y  IGRD = 1 i s  
CARD GROUP 7 
Each o f  
g r i d  d e f i n i t  
CARD GROUP 8 
The b l a  
t h e  two span 
t h e  t h r e e  cho rdw ise  s e c t i o n s  w i l l  be d e f i n e d  by two 
ons. 
e w i l l  be interpolated/extrapolated spanwise between 
d imens ions  s p e c i f i e d  b y  XBEG = 0.0 and XEND = 10.5.  
CARD GROUP 9 
s p e c i f i e d  b y  I G R D  = 1 (CARD GROUP 6) .  
s u r f a c e  b u t  PLOAD c a r d s  w i l l  n o t  be genera ted  because no PRESSURE 
o p t i o n  i s  i n d i c a t e d .  
I n p u t  f o r  t h r e e  cho rdw ise  s e c t i o n s  i s  p r o v i d e d  i n  t h e  f o r m  
Pressu re  i s  i n d i c a t e d  on t h e  
CARD GROUP 11 
b y  two p h y s i c a l  r e c o r d s .  
Three compos i te  l a y e r s  a r e  s p e c i f i e d .  Each p l y  i s  r e p r e s e n t e d  
The f i r s t  r e c o r d  d e f i n e s  t h e  l o c a t i o n  o f  t h e  p l y  on t h e  b l a d e  
by p e r c e n t  o f  t h i c k n e s s ,  span and chord .  The f i r s t  two v a l u e s  on 
t h i s  r e c o r d  r e f e r  t o  t h e  i n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s  o f  t h e  
t h i c k e s t  g r i d  p o i n t  o f  t h e  b l a d e .  The t h i c k n e s s  c a l c u l a t e d  f r o m  
t h e  d i f f e r e n c e  i n  t h e s e  v a l u e s  d i v i d e d  by t h e  p l y  t h i c k n e s s  w i l l  
d e t e r m i n e  t h e  maximum number o f  l a y e r s  o f  t h i s  p a r t i c u l a r  p l y  a t  
a l l  o t h e r  g r i d  p o i n t s ,  n o t  t o  exceed t h e  a c t u a l  t h i c k n e s s  a t  each 
g r i d  p o i n t .  The n e x t  two v a l u e s  a r e  t h e  i n i t i a l  and f i n a l  p e r c e n t  
span and t h e  l a s t  two a r e  i n i t i a l  and f i n a l  p e r c e n t  c h o r d  a s  shown 
i n  F i g u r e  10 o f  t h e  USER'S  MANUAL. 
Note:  I n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s e s  a r e  
i g n o r e d  when t h e  PLYORDER o p t i o n  i s  s p e c i f i e d .  
The second r e c o r d  s p e c i f i e s  f i b e r  t ype ,  m a t r i x  t ype ,  p l y  
t h i c k n e s s ,  v o i d  volume r a t i o ,  f i b e r  volume r a t i o  and o r i e n t a t i o n  
a n g l e  i n  degrees r e l a t i v e  t o  t h e  s t r u c t u r a l  x - a x i s  as  shown i n  
F i g u r e  6 o f  t h e  USER'S MANUAL. 
CARD GROUP 13 
The p l y  s tack-up  o r d e r  f o r  h a l f - t h i c k n e s s  i s  d e s i g n a t e d  by 38 
p l y s  s t a r t i n g  a t  t h e  o u t e r  s u r f a c e .  On ly  t h e  number o f  p l y s  needed 
t o  f i l l  t h e  t h i c k n e s s  w i l l  be used. I f  an i n s u f f i c i e n t  number o f  
3-2 (8-31-88) 
COBSTRL4N Demonstration blanual 
plys i s  available an ERROR message will be printed. The ply des- 
ignation numbers correspond to the order in which the plys are 
listed in CARD GROUP 11. 
CARD GROUP 15 
indicated by the first record in this card group. Each set of 
properties is defined by two records. The integer value is the ply 
designation number followed by 13 properties as explained in  the 
USER'S MANUAL. 
The number of plys for which properties will be supplied is 
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PREPROCESSOR DECK 
CARD GROUP DESIGNATION 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1- TITLE= DEMONSTRATION PROBLEM NO. 3 
2- PREPROCESSING 
2- PLYORDER SPECIFIED 
2- SOLID BLADE 
2- ECHO 
2- PROPERTIES I N P U T  
2- PRTOUT DESIRED 
2- PRESSURE LOAD 
2- COSMIC NASTRAN 
3- ENDOPTIONS 
4- 2 3 
5- 8 3 
6- 1 15 5 4 
I 1- TITLE= CANTILEVER BEAM WITH USER-SUPPLIED SPECIAL PLY PROPERTIES 
I 7- 2 2 2  
8- 0.0 10.5 
9- 0.0 -1 .5  
9- 0.0 1 . 5  
9- 5.0 -1 .5  
9- 5 . 0  1 .5  
9- 10 .0  -1.5 
9- 10 .0  1.5 
11- 0 .0  100.0 
11- T300 SPOX .005 
11- 0.0 100.0 
11- T300 SPOX .005 
11- 0.0 100.0 
11- T300 SPOX .005 
13- 38 
13- 1 2 3 2 












0.0 .60  
3 2 3 2 3  







2 3 2  










3 2  







3 2  
3 2  
3 2 3 2  
3 2  
15- 3 
15- 3 .55E+00 .56E-01 23.5E+06 1.5E+06 .800E+06 .25E+00 
15- 235.E+03 137.E+03 13.5E+03 4O.E+03 8.E+03 4.3E-08 2.3E-05 
15- 1 .65E+00 .56E-01 23.5E+06 1.5E+06 .800E+06 .25E+00 
15-  235.E+03 137.E+03 13.5E+03 4O.E+03 8.E+03 4.3E-08 2.3E-05 
15- 2 .60E+00 .56E-01 23.5E+06 1.5E+06 .800E+06 .25E+00 
15- 235.E+03 137.E+03 13.5E+03 4O.E+03 8.E+03 4.3E-08 2.3E-05 
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DATABANK 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1 
T300 A N I S  10-26-79 NO REF. 
3000 .0003 
1 
0.0 .064 32000000. 2000000. .20 
-.00000055 .0000056 580. 
0.0 0.0 0.0 
1 
SPOX IS0 9-26-80 
1 





1.0 2 .0  
1 .0  .16 
1 .37  .80 
1 . 0  1.0 
58. .17 
FOR COMPOSITE PROPERTY INPUT BY USER 
.25 1300000. 700000. 
350000. 300000. 0.0 
500000. . 4 1  .000057 1.25 .25 
7000. .014 .042 .032 .038 
FOR COMPOSITE PROPERTY INPUT BY USER 
1.0 2 .0  1 .0  4.0 
1.0 1.0 1.05 1.05 
1.0 1 . 0  .70  .70 
13 .3  31900. 16.5 .70 
1.0 1.0 1.0 
225 
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TITLE = CANTILEVER TEST BEAM 
SPC = 25 
DISP = ALL 
FORCE = ALL 
SPCF = ALL 
STRESS( PRINT, PUNCH) = ALL 
LOAD = 4 
BEGIN BULK 
SPC 25 1 13456 
SPC 25 2 13456 
SPC 25 3 123456 
SPC 25 4 13456 
SPC 25 5 13456 
GRDSET 6 
CODS’TRiIN Dcmonstration hlanid 
POSTPROCESSOR DECK 
CARD GROUP DESIGNATION 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1- TITLE= DEMONSTRATION PROBLEM NO. 3 
1- TITLE= CANTILEVERED PLATE 
2- POSTPROCESSING 
2- SOLID BLADE 
3- ENDOPTIONS 
4- 0 0 0  
6- 1 10 
CARD GROUP 2 
POSTPROCESSING and SOLID s p e c i f y  t h a t  p o s t p r o c e s s i n g  o f  two- 
d imens iona l  s t r e s s  o u t p u t  f rom a s t r u c t u r e  modeled u s i n g  t h e  
SOLID b l a d e  f o r m a t .  
Two o p t i o n  c a r d s  a r e  used i n  t h i s  p o s t p r o c e s s i n g  deck. 
CARD GROUP 3 
Requ i red  ENDOPTIONS ca rd .  
CARD GROUP 4 
and NSPAR. KSMF i s  used t o  s e l e c t  t h e  method f o r  c a l c u l a t i n g  
t h e  s t r a i n  m a g n i f i c a t i o n  f a c t o r  wh ich  w i l l  be used i n  es tab -  
l i s h i n g  t h e  l i m i t i n g  s t r e s s  v a l u e s  f o r  each p l y  l a y e r  i n  each 
node. S e t t i n g  KSMF = 0 s e l e c t s  t h e  d e f a u l t  v a l u e  wh ich  i s  
recommended. The o t h e r  i n t e g e r s  a r e  f o r  t h e  SHELL/SPAR op- 
t i o n  and may be  n e g l e c t e d  f o r  t h i s  p rob lem because t h e  SOLID 
o p t i o n  i s  s e l e c t e d  i n  Card Group 2. 
The t h r e e  i n t e g e r  v a l u e s  on t h i s  c a r d  a r e  KSMF, NXSECT 
CARD GROUP 6 
GROUP 2 t h e  u s e r  may s e l e c t  up t o  10 g r i d  p o i n t  s e q u e n t i a l  
s e t s  f o r  p o s t p r o c e s s i n g  o u t p u t .  Fo r  t h i s  p rob lem o n l y  g r i d  
p o i n t s  1 t h r u  10 were s e l e c t e d .  I f  no o u t p u t  i s  d e s i r e d  a 
b l a n k  r e c o r d  must be p r o v i d e d .  
Because t h e  o p t i o n  PRTOUT was n o t  s e l e c t e d  i n  CARD 
3-7 (8-31-88) 
CODSTRAN 1leni.onstration Mmual 
PLOT OF DEMO NO. 3 
8 INPUT POINTS 
Y 
UNIFORM PRESSURE = 10 P S I  
PLATE THICKNESS = 0.15 IN. 
X 
FIGURE 3 .  - DEMONSTRATION PROBLEM NUMBER 3, FLAT PLATE WITH USER-SUPPLIED PLY PROPERTIES M D  UNIFORM PRESSURE LOAD. 
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PROBLEM NO. 4 
T h i s  example demonst ra tes  t h e  b a s i c  c h a r a c t e r i s t i c s  o f  t h e  
d a t a s e t s  r e q u i r e d  t o  implement t h e  COBSTRAN code f o r  an i s o t r o p i c  
m a t e r i a l  and t h e  f r e e - f i e l d  i n p u t  f o r m a t  o p t i o n .  
T h i s  f l a t  p l a t e  w i t h  sweep and t w i s t  i s  l oaded  by a c e n t r i f u g a l  
f o r c e .  The u s e r  i s  encouraged t o  m o d i f y  t h i s  p rob lem b y  chang ing  
sweep, t w i s t  and mesh s i z e  t o  demonst ra te  t h e  i n t e r p o l a t i n g  capa- 
b i l i t i e s  w i t h i n  t h e  code and t h e  ease w i t h  w h i c h  a complex shape 
can be modeled. 
PREPROCESSOR DECK DESCRIPTION 
CARD GROUP 2 
These a r e  t h e  program o p t i o n s  f o r  t h i s  COBSTRAN prob lem.  Each 
o p t i o n  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  COBSTRAN USER'S MANUAL. Fo r  
t h i s  case t h e  p rep rocesso r  i s  c a l l e d  g e n e r a t i n g  a mesh o f  one e l e -  
ment t h r u - t h e - t h i c k n e s s .  F u l l  p r i n t o u t  i s  r e q u e s t e d  a l o n g  w i t h  an 
echo o f  t h e  i n p u t  d a t a .  An MSC/NASTRAN b u l k  d a t a  deck  w i l l  be gen- 
e r a t e d  f o r  t h e  model. 
CARD GROUP 3 
Requ i red  ENDOPTIONS ca rd .  
CARD GROUPS 4 t h r u  8 
f o r  t h e s e  c a r d  groups .  A neumonic fo rm as shown i n  t h i s  p rob lem 
i s  r e q u i r e d .  The u s e r  i s  c a u t i o n e d  t o  check t h e  i n p u t  summary 
c a r e f u l l y  because o f  t h e  r e c e n t  development o f  t h i s  f e a t u r e  i n  
COBSTRAN. A l l  v a l u e s  n o t  d e s i g n a t e d  a r e  s e t  t o  ze ro .  
The s e l e c t i o n  o f  t h e  EZREAD o p t i o n  m o d i f i e s  t h e  i n p u t  f o r m a t  
NOTE: T h i s  i n p u t  must end w i t h  an ENDPARAMS c a r d .  
CARD GROUP 9 
f i e l d  f o r m a t  f o r  a l l  i n p u t  d a t a  f o l l o w i n g  t h e  ENDPARAMS c a r d .  
t h e  f o r m a t  d e s i g n a t e d  i n  t h e  U S E R ' S  MANUAL w i l l  n o t  be f i l l e d  w i t h  
d a t a  t h e  l i n e  m u s t  end w i t h  a s l a s h .  A l s o ,  a l l  a lphaneumer ics  must 
be  i n  quo tes .  The s e l e c t i o n  o f  I G R D  = 4 f o r  t h i s  p rob lem i n d i c a t e s  
t h a t  t h e  g r i d  p o i n t  i n p u t  i s  o f  t h e  f o r m  
( X Y Z TB TU TL PU PL ) .  
S e l e c t i o n  o f  t h e  EZREAD o p t i o n  enab les  t h e  FORTRAN 77 f r e e -  
I f  
CARD GROUP 16 
i n  t h i s  c a r d  group.  
Values f o r  t h e  i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  a r e  d e s i g n a t e d  
The s e l e c t i o n  o f  IMAT=4 d e s i g n a t e s  t h a t  t h e  
4-1 (8-31-88) 
COBSTRAN 1)cmonstration Manual 
s i x  v a l u e s  i n  t h i s  c a r d  group a r e  Young's Modulus, shear modulus, 
P o i s s o n ' s  r a t i o ,  mass d e n s i t y ,  t he rma l  expans ion  c o e f f i c i e n t  and 
the rma l  expans ion  r e f e r e n c e  tempera tu re .  A NASTRAN MAT1 c a r d  w i l l  
be genera ted .  
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PREPROCESSOR DECK 
CARD GROUP DESIGNATION 
3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1- TITLE= DEMONSTRATION PROBLEM NO. 4 
1- TITLE= FLAT PLATE WITH SWEEP AND TWIST 
1- TITLE= ISOTROPIC MATERIAL 
2- PREPROCESSOR 
2- SOLID BLADE 
2- EZREAD 
2- ECHO 
2- PRTOUT DESIRED 
2- MSC NASTRAN 
3- ENDOPTIONS 
+ IMAT = 4 
+ NSECT = 3 
+ IGRD = 4 
4 I U X X  = 12 
t h r u  JUYY = 7 
8 MESH = 2 
+ XBEG = 5.00 
+ XEND = 16.50 
+ MSECT = 3 3 3 
+ ENDPARAMS 
9- 5.00 -1.477 0.20 0.15/ 
9- 5.00 0.0 0.0 0.15/ 
9- 5.00 1.477 -.20 0.16/ 
9- 11.00 -0.264 .80 0.13/ 
9- 11.00 1.2 .10 0.13/ 
9- 1 1 - 0 0  2.136 -.70 O . l l /  
9- 16.00  1.890 1 . 4  0.08/ 
9- 16.00 2.45 0.2 0.08/ 
9- 16.00  3.010 -1.0 0.08/ 
16- 1.04E+07,4.10E+06,0.00,2.59E-04,0.00,0.00,0.00,0.00,0 00,o 00 
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TITLE = FLAT PLATE, SWEEP, TWIST 
LABEL = ROTOR SPEED 4000 RPM 
SPC = 10 
LOAD = 1 
DISP = ALL 
FORCE = ALL 
STRESS = ALL 
SET 1 = ALL 
AXES MZ,Y,X 
VIEW 0.0,0.0,30.0 
FIND SCALE ORIGIN 1 SET 1 
I SPCFORCE = ALL 
OUTPUT( PLOT) 
PLOT ORIGIN 1 SET 1 
BEGIN BULK 
RFORCE 1 66.67 
SPCl 10 13456 1 THRU 





CO IISTR AN Demonstration Manual 
PLOT OF DEMO NO. 4 
SPANWISE STATION 
AT 16.5 IN. 
8 INPUT POINTS 
SPANWISE STATION 
AT 5.0 IN. 
X 
FIGURE 4. - DEMONSTRATION PROBLEM NUMBER 4. SWEPT, TWISTED PLATE 
WITH ISOTROPIC MATERIAL. 84 GRID POINTS. 132 ELEMENTS. 
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PROBLEM NO. 5 
T h i s  example demonst ra tes  t h e  b a s i c  c h a r a c t e r i s t i c s  o f  t h e  
d a t a s e t s  r e q u i r e d  t o  genera te  a COBSTRAN model o f  a w i n g  s t r u c t u r e  
w i t h  two spa rs  o r i e n t e d  normal t o  t h e  m idchord  l i n e .  
T h i s  model r e p r e s e n t s  a w i n d  t u r b i n e  t y p e  b l a d e  w h i c h  i s  
mounted a t  an a n g l e  o u t  o f  t h e  p l a n e  o f  r o t a t i o n .  
be used t o  c r e a t e  t h e  model i n  a l o c a l  b l a d e  c o o r d i n a t e  system and 
t h e  CONE ANGLE o p t i o n  w i l l  be used t o  t r a n s f o r m  t h e  c o o r d i n a t e s  t o  
a r o t a t i o n a l  c o o r d i n a t e  system i n  wh ich  t h e  y - a x i s  i s  t h e  a x i s  o f  
r o t a t i o n  and t h e  x - a x i s  and z - a x i s  l i e  i n  t h e  p l a n e  o f  r o t a t i o n .  
COBSTRAN w i l l  
PREPROCESSOR DECK DESCRIPTION 
CARD GROUP 2 
These a r e  t h e  program o p t i o n s  f o r  t h i s  COBSTRAN problem. Each 
o p t i o n  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  COBSTRAN USER'S MANUAL. F u l l  
p r i n t o u t  i s  reques ted  a l o n g  w i t h  an echo o f  t h e  i n p u t  d a t a .  A COSMIC 
NASTRAN b u l k  d a t a  deck  w i l l  be genera ted  f o r  t h e  model and t h e  u s e r  
w i l l  s p e c i f y  t h e  p l y  l a y u p  o r d e r  t o  be used t o  c a l c u l a t e  m a t e r i a l  
p r o p e r t i e s .  The SHELL/SPAR o p t i o n  w i l l  use t h i s  a l t e r n a t e  mode l i ng  
f e a t u r e  t o  genera te  an a i r f o i l  s h e l l  model w i t h  i n t e r n a l  spa rs .  
NASTRAN PLOAD c a r d s  w i l l  be genera ted  and t h e  f i n a l  model c o o r d i -  
n a t e s  w i l l  be t r a n s f o r m e d  a c c o r d i n g  t o  t h e  cone a n g l e  s p e c i f i e d .  
CARD GROUP 3 
Requ i red  ENDOPTIONS ca rd .  
CARD GROUP 4 
t o  be based on reduced membrane p r o p e r t i e s  and a r e  r e q u e s t e d  by 
IMAT = 1. 
Card Group 8 o f  t h i s  i n p u t  deck  a r e  d e s i g n a t e d  b y  NDES = 4. 
A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  genera ted  f o r  each node a r e  
The number o f  m a t e r i a l  systems(p1ys) t o  be d e s c r i b e d  i n  
CARD GROUP 5 
a t e d  f o r  t h i s  model and i s  d e s i g n a t e d  b y  NXSECT = 3.  
Three c o n t i g u o u s  spanwise segments o f  t h e  b l a d e  w i l l  be c r e -  
The number o f  t h e s e  segments t h a t  w i l l  c o n t a i n  spa rs  i s  des- 
i g n a t e d  by  NXSPAR = 3 and t h e  number o f  spa rs  b y  NSPAR = 2. 
spa rs  s t a r t  a t  t h e  base o f  t h e  b l a d e  and e x t e n d  t h r o u g h  t h e  number 
o f  segments s p e c i f i e d  b y  NXSPAR. 
A l l  
The number o f  cho rdw ise  spaces i n t o  w h i c h  each c r o s s  s e c t i o n  
w i l l  be modeled i s  d e s i g n a t e d  b y  NYSPC = 6. Each s e c t i o n  i s  f i r s t  
5-1 (8-31-88) 
CORS'TRL4N Demonstration blanual 
d i v i d e d  e q u a l l y  i n t o  NYSPC spaces. Gr id p o i n t s  a r e  t h e n  a d j u s t e d  
t o  accommodate t h e  spar  p o s i t i o n s .  The p o i n t s  between spars,  and 
between spa rs  and l e a d i n g  o r  t r a i l i n g  edges a r e  t h e n  e q u a l l y  spaced. 
F i n a l l y ,  t h e  space a t  t h e  l e a d i n g  edge i s  d i v i d e d  i n  two t o  p r o v i d e  
a f i n e r  mesh on t h e  n o r m a l l y  h i g h l y  c u r v e d  l e a d i n g  edge. The r e -  
s u l t i n g  number o f  cho rdw ise  spaces i s  N Y S P C + l  f o r  t h e  f i n a l  model. 
The v a l u e  o f  NOPLY i s  l e f t  b l a n k  f o r  t h i s  case t h e r e f o r e ,  ex- 
t ended  p l y  p r o p e r t y  i n f o r m a t i o n  w i l l  n o t  be p r i n t e d .  
O n l y  one p l y  m a t e r i a l  system may be d e s i g n a t e d  f o r  each spar .  
The a r r a y  NSPDES(5) i s  used t o  i n d i c a t e  t h e  p l y  d e s i g n a t i o n  number 
f o r  each o f  t h e  f i v e  spa rs .  Two spars  a r e  modeled f o r  t h i s  b l a d e  
t h e r e f o r e ,  t h e  n e x t  two i n t e g e r s  i n d i c a t e  t h a t  p l y  d e s i g n a t i o n  
number 4 w i l l  be used t o  model each spa r  r e s p e c t i v e l y .  NSPDES(1)=4 
and NSPDES(2)=4. 
mined b y  t h e  p l y  t h i c k n e s s  and spar  t h i c k n e s s .  
The number o f  p l y  l a y e r s  i n  t h e  spa rs  i s  d e t e r -  
CARD GROUP 6 
w i l l  be d i v i d e d  i s  i n d i c a t e d  b y  NXSPC and t h e  range o v e r  wh ich  t h i s  
a p p l i e s  i s  d e s i g n a t e d  X i  and X ( i + l ) .  
segment w i l l  be d i v i d e d  i n t o  4 spaces between span s t a t i o n s  6.0 and 
50.0. The second segment w i l l  be d i v i d e d  i n t o  8 spaces between span 
s t a t i o n s  50.0 and 110.0. The t h i r d  segment w i l l  be d i v i d e d  i n t o  3 
spaces between span s t a t i o n s  110.0 and 148.0. Fo r  each c r o s s  sec- 
t i o n  d e f i n e d ,  t h e  spa r  l o c a t i o n s ,  measured f r o m  t h e  l e a d i n g  edge, 
and t h e  spa r  t h i c k n e s s  i s  g i v e n .  Gr id  p o i n t s  o f  each s e c t i o n  o f  
i n p u t  i n  Card  Groups 12 & 14. 
p o s i t i o n s  d e f i n e d  i n  t h i s  Card Group. Values o f  t h e  n e a r e s t  l o w e r  
X i  a r e  used f o r  each i n p u t  s e c t i o n  o f  Card Groups 12 & 14. A l l  
i n t e r m e d i a t e  p o s i t i o n s  and t h i c k n e s s e s  w i l l  be  i n t e r p o l a t e d .  
The number o f  spanwise spaces i n t o  w h i c h  each b l a d e  segment 
For  t h i s  b l a d e  t h e  f i r s t  
a r e  p o s i t i o n e d  a c c o r d i n g  t o  t h e  spar  
CARD GROUP 7 
s p e c i a l  case t h e  b l a d e  i s  a l r e a d y  d e f i n e d  i n  t h e  a n a l y s i s  c o o r d i n a t e  
system and t h e r e f o r e  no c o o r d i n a t e  t r a n s f o r m a t i o n  w i l l  t a k e  p l a c e .  
The CONE o p t i o n  i s  used i n  t h i s  example f o r  i n f o r m a t i o n  o n l y  and 
s h o u l d  n o r m a l l y  n o t  be s e l e c t e d  f o r  t h i s  p rob lem where i t s  use w i l l  
cause t r i v i a l  c a l c u l a t i o n s .  See t h e  CONE ANGLE o p t i o n  d e s c r i p t i o n  
i n  t h e  U S E R ' S  MANUAL. 
A f u l l  t h r e e  by t h r e e  m a t r i x  o f  a n g l e s  i n  degrees .  F o r  t h i s  
CARD GROUP 8 
by two p h y s i c a l  r e c o r d s .  
Four  compos i te  l a y e r s  a r e  s p e c i f i e d .  Each p l y  i s  r e p r e s e n t e d  
The f i r s t  r e c o r d  d e f i n e s  t h e  l o c a t i o n  o f  t h e  p l y  on t h e  b l a d e  
b y  p e r c e n t  o f  t h i c k n e s s ,  span and cho rd .  The f i r s t  two v a l u e s  on 
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t h i s  r e c o r d  r e f e r  t o  t h e  i n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s  o f  t h e  
t h i c k e s t  g r i d  p o i n t  o f  t h e  b l a d e .  The t h i c k n e s s  c a l c u l a t e d  f r o m  
t h e  d i f f e r e n c e  i n  these  v a l u e s  d i v i d e d  by t h e  p l y  t h i c k n e s s  w i l l  
d e t e r m i n e  t h e  maximum number o f  l a y e r s  o f  t h i s  p a r t i c u l a r  p l y  a t  
a l l  o t h e r  g r i d  p o i n t s ,  n o t  t o  exceed t h e  a c t u a l  t h i c k n e s s  a t  each 
g r i d  p o i n t .  The n e x t  two v a l u e s  a r e  t h e  i n i t i a l  and f i n a l  p e r c e n t  
span and t h e  l a s t  two a r e  i n i t i a l  and f i n a l  p e r c e n t  c h o r d  as  shown 
i n  F i g u r e  10 o f  t h e  USER'S MANUAL. 
Note:  I n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s e s  a r e  
i g n o r e d  when t h e  PLYORDER o p t i o n  i s  s p e c i f i e d  
The second r e c o r d  s p e c i f i e s  f i b e r  t y p e ,  m a t r i x  t y p e ,  p l y  
t h i c k n e s s ,  v o i d  volume r a t i o ,  f i b e r  volume r a t i o  and o r i e n t a t i o n  
a n g l e  i n  degrees r e l a t i v e  t o  t h e  s t r u c t u r a l  x - a x i s  as shown i n  
F i g u r e  6 o f  t h e  USER'S MANUAL. 
CARD GROUP 9 
The p l y  s tack-up  o r d e r  f o r  h a l f - t h i c k n e s s  i s  d e s i g n a t e d  by 5 
p l y s  s t a r t i n g  a t  t h e  o u t e r  s u r f a c e .  On ly  t h e  number o f  p l y s  needed 
t o  f i l l  t h e  t h i c k n e s s  w i l l  be used. I f  an i n s u f f i c i e n t  number o f  
p l y s  i s  a v a i l a b l e  an ERROR message w i l l  be p r i n t e d .  The p l y  des- 
i g n a t i o n  numbers co r respond  t o  t h e  o r d e r  i n  w h i c h  t h e  p l y s  a r e  
l i s t e d  i n  CARD GROUP 8. 
CARD GROUP 10 
s e t s .  
where f o u r  s e c t i o n s  a r e  d e f i n e d .  The second i s  f o r  t h e  
convex /suc t i on  s u r f a c e  o f  t h e  b l a d e  where f o u r  s e c t i o n s  a r e  de- 
f i n e d .  
The p r o f i l e  i n p u t  d a t a  i s  r e p r e s e n t e d  by two separa te  d a t a -  
The f i r s t  i s  f o r  t h e  concave/pressure  s u r f a c e  o f  t h e  b l a d e  
CARD GROUP 11 
o f  i n p u t  d a t a  i n  CARD GROUP 12 f o r  t h e  concave/pressure  s u r f a c e .  
The number o f  g r i d  points d e f i n i n g  each o f  the f o u r  sections 
CARD GROUP 12 
i g n a t e d  as X ,  Y ,  Z ,  Th ickness ,  Pressure ,  Temperature.  
Each g r i d  p o i n t  d e f i n i n g  t h e  concave/pressure  s u r f a c e  i s  des- 
CARD GROUP 13 
o f  i n p u t  d a t a  i n  CARD GROUP 14 f o r  t h e  c o n v e x / s u c t i o n  s u r f a c e .  
The number o f  g r i d  p o i n t s  d e f i n i n g  each o f  t h e  f o u r  s e c t i o n s  
CARD GROUP 14  
n a t e d  as X,  Y, Z, Th ickness ,  Pressure ,  Temperature.  
Each g r i d  p o i n t  d e f i n i n g  t h e  convex /suc t i on  s u r f a c e  i s  d e s i g -  
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PREPROCESSOR DECK 
CARD GROUP DESIGNATION 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1- TITLE= DEMONSTRATION PROBLEM NO. 5 
1- TITLE= SHELL/SPAR TYPE BLADE 




2- PRESSURE LOAD 
2- COSMIC NASTRAN 
2- CONE ANGLE 
2- PLYORDER SPECIFIED 
3- ENDOPTIONS 
4- 1 4  
5- 3 3 2 6  4 4  
6- 4 6 . 0  9.0 .050 18 .0  .050 
6- 8 50.0 7.5 .050 15.0 .050 
6- 3 110.0 5.0 .040 10.0 .040 
6- 148.0 
7- 0 .0 90.0 90 .0  90.0 0.0 90.0 90.0 90.0 0.0 
a- 0.0  100.0  0.0 100.0 
8- T300 EPOX .005 0.0 .60  90.0 
8- 0 .0  100.0 0.0 100.0 
8- T300 EPOX .005 0.0 .60 -45.0 
8- 0.0 100.0 0 .0  100.0 
8- T300 EPOX .005 0.0 .60 +45.0 
8- 0.0 100.0 0.0 100.0 
8- T300 EPOX .005 0.0 .60 0.0 
9- 5 
9- 1 2 4 3 4  
10- 4 4 
11- 11 11 9 7 
12- 6.000 -18.000 .ooo .050 
6.000 -14.400 -2.700 .050 
6.000 -10.800 -3.600 .050 
6.000 -7.200 -4.124 .050 
6.000 -3.600 -4.409 .050 
6.000 - . O O O  -4.500 .050 
6.000 3.600 -4.409 .050 
6.000 7.200 -4.124 .050 
6.000 10.800 -3.600 .050 



































































































































.050 10 .0  
.050 15 .0  
.050 20.0 
.050 15.0 
.OS0 10.0  
.OS0 5.0 




.050 2 . 5  
.050 5 . 0  
.050 10.0 
.050 15 .0  
.OS0 10.0  




































-, 854 1.854 
.625 1 .083  
2.033 .187 





















2 . 5  
1 .25  
1 .25  
2 . 5  
5 .0  
10 .0  
5 .0  
2 . 5  
1 .25  
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DATABANK 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1 
T300 A N I S  10-26-79 NO REF. 
3000 .0003 
' 1  
0.0 .064 32000000. 
-.00000055 .0000056 580. 
0.0 0 .0  0.0 
EPOX IS0 10-26-79 NO REF. 
1 
1 
0 .0  .0443 500000. 
15000. 21000. 7000. 
1 
1 . 0  4 .0  1 . 0  
1 .0  2.0 1 . 0  
1.0 .16 1 . 0  
1.37 .80 13.3 




. 4 1  .000057 
.014 .042 
2.0 1 . 0  
1 . 0  1.05 
1.0 .70 
31900. 16.5 
1.0 1 . 0  
.25 1300000. 700000. 
350000. 300000. 0.0 
1.25 .25 .225 
.032 .038 
4.0 




COBSTRAN Dcmonsttation Maniial 
NASTRAN Deck 
NASTRAN FILES=PLT2 
I D  DEMO NO. 5 
APP DISP 
SOL l , o  
TIME 60 
CEND 
SPC = 25 
LOAD = 4 
STRESS( PRINT, PUNCH) = ALL 
SET 1 = ALL 
FIND SCALE ORIGIN 1 SET 1 
AXES Z,X,Y 
VIEW = O . O , O . O , O . O  
FIND SCALE ORIGIN 2 SET 1 
AXES MX,Y,Z 
V I E W  = O . O , O . O , O . O  
FIND SCALE ORIGIN 3 SET 1 
OUTPUT( PLOT) 
PLOT ORIGIN 1 SET 1 
PLOT ORIGIN 2 SET 1 
PLOT ORIGIN 3 SET 1 
I BEGIN BULK 
RFORCE 10 0 1.0 0 
SPCl 25 123456 1 THRU 14 
0 1 0 0 0 
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POSTPROCESSOR DECK 
CARD GROUP DESIGNATION 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1- TITLE= DEMONSTRATION PROBLEM NO. 5 
1- TITLE= SHELL/SPAR TYPE BLADE 




4- 0 3 2  
6- 30 35 40 42 
CARD GROUP 2 
POSTPROCESSING and SHELL/SPAR s p e c i f y  t h a t  p o s t p r o c e s s i n g  o f  
s t r e s s  o u t p u t  i s  reques ted  f o r  a s t r u c t u r e  modeled as an 
a i r f o i l  s h e l l  w i t h  i n t e r n a l  spars .  
Two o p t i o n  c a r d s  a r e  used i n  t h i s  p o s t p r o c e s s i n g  deck .  
CARD GROUP 3 
Requ i red  ENDOPTIONS ca rd .  
CARD GROUP 4 
and NSPAR. KSMF i s  used t o  s e l e c t  t h e  method f o r  c a l c u l a t i n g  
t h e  s t r a i n  m a g n i f i c a t i o n  f a c t o r  wh ich  w i l l  be used i n  es tab -  
l i s h i n g  t h e  l i m i t i n g  s t r e s s  v a l u e s  f o r  each p l y  l a y e r  i n  each 
node. S e t t i n g  KSMF = 0 s e l e c t s  t h e  d e f a u l t  v a l u e  w h i c h  i s  
recommended. The o t h e r  i n t e g e r s  a r e  f o r  t h e  SHELL/SPAR op- 
t i o n  and a r e  a r e p e a t  o f  v a l u e s  f rom t h e  p rep rocesso r  deck .  
The t h r e e  i n t e g e r  v a l u e s  on t h i s  c a r d  a r e  KSMF, NXSECT 
CARD GROUP 6 
Because t h e  o p t i o n  PRTOUT was  n o t  s e l e c t e d  i n  CARD 
GROUP 2 t h e  u s e r  may s e l e c t  up t o  10 g r i d  p o i n t  s e q u e n t i a l  
s e t s  f o r  p o s t p r o c e s s i n g  o u t p u t .  For  t h i s  p rob lem two sequen- 
t i a l  s e t s  were s e l e c t e d .  P r i n t e d  o u t p u t  w i l l  be p r o v i d e d  f o r  
g r i d  p o i n t s  30 t h r u  35 and 40 t h r u  42. 
s i r e d  a b l a n k  r e c o r d  must be p r o v i d e d .  
I f  no o u t p u t  i s  de- 
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PLOT OF DEMO NO. 5 
FIGURE 5. - DEMONSTRATION PROBLEM NUMBER 5, WIND GENERATOR BLADE. 
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PROBLEM NO. 6 
T h i s  p rob lem demonst ra tes  t h e  i n p u t  f o r  a w i n d  g e n e r a t o r  b l a d e  
wh ich  i s  62 f t .  l o n g  w i t h  a 4 . 5  f t  cho rd  a t  t h e  r o o t .  The b l a d e  
i s  made e n t i r e l y  o f  f i b e r g l a s s / e p o x y .  I t s  d e s i g n  i s  a t h i n  
(0.078 i n . )  a i r f o i l  s h e l l  w i t h  two v a r i a b l e  t h i c k n e s s  spa rs  between 
s t a t i o n s  a t  60 i n c h e s  and 675 i nches .  
PREPROCESSOR DECK D E S C R I P T I O N  
CARD GROUP 2 
These a r e  t h e  program o p t i o n s  f o r  t h i s  COBSTRAN prob lem.  Each 
o p t i o n  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  COBSTRAN USER'S  MANUAL. F u l l  
p r i n t o u t  i s  r e q u e s t e d  a l o n g  w i t h  an echo o f  t h e  i n p u t  d a t a .  A COSMIC 
NASTRAN b u l k  d a t a  deck  w i l l  be genera ted  f o r  t h e  model and t h e  u s e r  
w i l l  s p e c i f y  t h e  p l y  l a y u p  o r d e r  t o  be used t o  c a l c u l a t e  m a t e r i a l  
p r o p e r t i e s .  The SHELL/SPAR o p t i o n  w i  11 use t h i s  a1 t e r n a t e  model i n g  
f e a t u r e  t o  genera te  an a i r f o i l  s h e l l  model w i t h  i n t e r n a l  spars .  
NASTRAN PLOAD c a r d s  w i l l  be genera ted  and t h e  f i n a l  model c o o r d i -  
n a t e s  w i l l  be  t r a n s f o r m e d  a c c o r d i n g  t o  t h e  cone a n g l e  s p e c i f i e d .  
U s u a l l y  s u r f a c e  c o o r d i n a t e s  a r e  f u r n i s h e d  f o r  a i r f o i l  s e c t i o n s .  
COBSTRAN w i l l  t r a n s f o r m  a l l  g r i d  p o i n t s  t o  a m i d - t h i c k n e s s  l i n e  
t h r o u g h o u t  t h e  a i r f o i l .  S e l e c t i o n  o f  t h e  PROFILE o p t i o n  w i l l  sup- 
p r e s s  t h i s  f e a t u r e  and r e t a i n  g r i d  c o o r d i n a t e s  on t h e  s u r f a c e  as 
expec ted  f o r  t h e  i n p u t  d a t a .  
CARD GROUP 3 
Requ i red  ENDOPTIONS c a r d .  
CARD GROUP 4 
t o  be  based on reduced membrane p r o p e r t i e s  and a r e  r e q u e s t e d  b y  
IMAT = 1. The number o f  m a t e r i a l  systems(p1ys) t o  be d e s c r i b e d  i n  
Card Group 8 o f  t h i s  i n p u t  deck a r e  d e s i g n a t e d  b y  NOES = 3.  
A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  genera ted  f o r  each node a r e  
CARD GROUP 5 
f o r  t h i s  model and i s  d e s i g n a t e d  b y  NXSECT = 4. 
Four c o n t i g u o u s  spanwise segments o f  t h e  b l a d e  w i l l  be c r e a t e d  
The number o f  t h e s e  segments t h a t  w i l l  c o n t a i n  spa rs  i s  des- 
i g n a t e d  b y  NXSPAR = 3 and t h e  number o f  spa rs  b y  NSPAR = 2. 
spa rs  s t a r t  a t  t h e  base o f  t h e  b l a d e  and e x t e n d  t h r o u g h  t h e  number 
o f  segments s p e c i f i e d  by  NXSPAR. 
A l l  
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The number o f  cho rdw ise  spaces i n t o  wh ich  each c r o s s  s e c t i o n  
w i l l  be modeled i s  d e s i g n a t e d  b y  NYSPC = 6. Each s e c t i o n  i s  f i r s t  
d i v i d e d  e q u a l l y  i n t o  NYSPC spaces. Gr id p o i n t s  a r e  t h e n  a d j u s t e d  
t o  accommodate t h e  spa r  p o s i t i o n s .  The p o i n t s  between spars,  and 
between spa rs  and l e a d i n g  o r  t r a i l i n g  edges a r e  t h e n  e q u a l l y  spaced. 
F i n a l l y ,  t h e  space a t  t h e  l e a d i n g  edge i s  d i v i d e d  i n  two t o  p r o v i d e  
a f i n e r  mesh on t h e  n o r m a l l y  h i g h l y  cu rved  l e a d i n g  edge. 
s u l t i n g  number o f  cho rdw ise  spaces i s  NYSPC+l f o r  t h e  f i n a l  model. 
The r e -  
The v a l u e  o f  NOPLY i s  25 f o r  t h i s  case t h e r e f o r e ,  ex tended p l y  
p r o p e r t y  i n f o r m a t i o n  w i l l  be p r i n t e d  f o r  g r i d  p o i n t  25 t a b u l a t i n g  
f o r t y  two p r o p e r t i e s  f o r  each p l y  l a y e r  a t  t h i s  g r i d  p o i n t .  
O n l y  one p l y  m a t e r i a l  system may be d e s i g n a t e d  f o r  each spa r .  
The a r r a y  NSPDES(5) i s  used t o  i n d i c a t e  t h e  p l y  d e s i g n a t i o n  number 
f o r  each o f  t h e  f i v e  spars .  Two spars  a r e  modeled f o r  t h i s  b l a d e  
t h e r e f o r e ,  t h e  n e x t  two i n t e g e r s  i n d i c a t e  t h a t  p l y  d e s i g n a t i o n  
number 3 w i l l  be used t o  model each spar  r e s p e c t i v e l y .  NSPDES(1)=3 
and NSPDES( 2)=3. 
CARD GROUP 6 
The number o f  spanwise spaces i n t o  wh ich  each b l a d e  segment 
w i l l  be d i v i d e d  i s  i n d i c a t e d  by NXSPC and t h e  range o v e r  wh ich  t h i s  
a p p l i e s  i s  d e s i g n a t e d  X i  and X ( i + l ) .  Fo r  t h i s  b l a d e  t h e  f i r s t  
segment w i l l  be d i v i d e d  i n t o  7 spaces between span s t a t i o n s  60.0 
and 200.0. The second segment w i l l  be d i v i d e d  i n t o  20 spaces between 
span s t a t i o n s  200.0 and 500.0. The t h i r d  segment w i l l  be d i v i d e d  
i n t o  15 spaces between span s t a t i o n s  500.0 and 675.0.  The f o u r t h  
segment w i l l  be d i v i d e d  i n t o  10 spaces between span s t a t i o n s  675.0 
and 750.0. For  each c r o s s  s e c t i o n  d e f i n e d ,  t h e  spa r  l o c a t i o n s  
measured f rom t h e  l e a d i n g  edge, and t h e  spar  t h i c k n e s s  i s  g i v e n .  
Gr id  p o i n t s  o f  each s e c t i o n  o f  i n p u t  i n  Card Groups 12 & 14. a r e  
p o s i t i o n e d  a c c o r d i n g  t o  t h e  spar  p o s i t i o n s  d e f i n e d  i n  t h i s  Card 
Group. Va lues  o f  t h e  n e a r e s t  l ower  X i  a r e  used f o r  each i n p u t  sec- 
t i o n  o f  Card Groups 12 & 14. A l l  i n t e r m e d i a t e  p o s i t i o n s  and 
t h i c k n e s s e s  w i l l  be i n t e r p o l a t e d .  
CARD GROUP 7 
CONE ANGLE o p t i o n  d e s c r i p t i o n  i n  t h e  U S E R ' S  MANUAL. 
A f u l l  t h r e e  b y  t h r e e  m a t r i x  o f  a n g l e s  i n  degrees. See t h e  
CARD GROUP 8 
b y  two p h y s i c a l  r e c o r d s .  
Three compos i te  l a y e r s  a r e  s p e c i f i e d .  Each p l y  i s  r e p r e s e n t e d  
The f i r s t  r e c o r d  d e f i n e s  t h e  l o c a t i o n  o f  t h e  p l y  on t h e  b l a d e  
b y  p e r c e n t  o f  t h i c k n e s s ,  span and cho rd .  The f i r s t  two v a l u e s  on 
t h i s  r e c o r d  r e f e r  t o  t h e  i n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s  o f  t h e  
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t h i c k e s t  g r i d  p o i n t  o f  t h e  b l a d e .  The t h i c k n e s s  c a l c u l a t e d  f r o m  
t h e  d i f f e r e n c e  i n  these  v a l u e s  d i v i d e d  b y  t h e  p l y  t h i c k n e s s  w i l l  
d e t e r m i n e  t h e  maximum number o f  l a y e r s  o f  t h i s  p a r t i c u l a r  p l y  a t  
a l l  o t h e r  g r i d  p o i n t s ,  n o t  t o  exceed t h e  a c t u a l  t h i c k n e s s  a t  each 
g r i d  p o i n t .  The n e x t  two v a l u e s  a r e  t h e  i n i t i a l  and f i n a l  p e r c e n t  
span and t h e  l a s t  two a r e  i n i t i a l  and f i n a l  p e r c e n t  c h o r d  as shown 
i n  F i g u r e  10 o f  t h e  U S E R ' S  MANUAL. 
Note :  I n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s e s  a r e  
i g n o r e d  when t h e  PLYORDER o p t i o n  i s  s p e c i f i e d .  
The second r e c o r d  s p e c i f i e s  f i b e r  t y p e ,  m a t r i x  t y p e ,  p l y  
t h i c k n e s s ,  v o i d  volume r a t i o ,  f i b e r  volume r a t i o  and o r i e n t a t i o n  
a n g l e  i n  degrees r e l a t i v e  t o  t h e  s t r u c t u r a l  x - a x i s  as shown i n  
F i g u r e  6 o f  t h e  U S E R ' S  MANUAL. 
CARD GROUP 10 
s e t s .  
where s i x  s e c t i o n s  a r e  d e f i n e d .  The second i s  f o r  t h e  
convex /suc t i on  s u r f a c e  o f  t h e  b l a d e  t h e r e  where s i x  s e c t i o n s  a r e  
d e f i n e d .  
The p r o f i l e  i n p u t  d a t a  i s  r e p r e s e n t e d  by two separa te  da ta -  
The f i r s t  i s  f o r  t h e  concave/pressure  s u r f a c e  o f  t h e  b l a d e  
CARD GROUP 11 
The number o f  g r i d  p o i n t s  d e f i n i n g  each o f  t h e  s i x  s e c t i o n s  
o f  i n p u t  d a t a  i n  CARD GROUP 12 f o r  t h e  concave/pressure  s u r f a c e .  
CARD GROUP 12 
i g n a t e d  as X ,  Y,  Z, Th ickness ,  Pressure ,  Temperature.  
Each g r i d  p o i n t  d e f i n i n g  t h e  concave/pressure  s u r f a c e  i s  des- 
CARD GROUP 13 
o f  i n p u t  d a t a  i n  CARD GROUP 14 f o r  the  c o n v e x / s u c t i o n  s u r f a c e .  
The number o f  g r i d  p o i n t s  d e f i n i n g  each o f  t h e  s i x  s e c t i o n s  
CARD GROUP 14 
n a t e d  as  X ,  Y ,  Z, Th ickness ,  P ressu re ,  Temperature.  
Each g r i d  p o i n t  d e f i n i n g  t h e  convex /suc t i on  s u r f a c e  i s  d e s i g -  
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PREPROCESSOR DECK 
CARD GROUP DESIGNATION 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1- TITLE= DEMONSTRATION PROBLEM NO. 6 
1- TITLE= AIRCRAFT WING STRUCTURE BLADE 
1- TITLE= WIND ENERGY STUDIES 
2- PREPROCESSING 
2- SHELL/SPAR BLADE 
2- ECHO 
2- PRTOUT DESIRED 
2- PROFILE 
2- COSMIC NASTRAN 
2- CONE ANGLE 
3- ENDOPTIONS 
4- 1 3  
5- 4 3 2 9 2 5  3 3 
6- 7 60. 10.0 .4225 27.0 .26 
6- 20 200. 9.0 .3250 26.0 .208 
6- 15 500. 8.0 .1105 20.0 .lo4 
6- 10 675. 7.0 .026 15.0 .052 
6- 750. 
7- 7.0 90.0 83.0 90.0 
8- 0.0 16.7 0.0 
8- SGLA EPOX .0065 0.0 
8- 16.7 25.2 0.0 
8- SGLA EPOX .0065 0.0 
8- 25.2 50.0 0.0 
8- SGLA EPOX .0065 0.0 
10- 6 6 
11- 9 9 9 9 8 7  
12- 60.00 -14.0 0.0 
60.00 -13.0 -3.6 
60.00 -10.0 -6.5 
60.00 -5.0 -8.3 
60.00 0.0 -8.5 
60.00 10.0 -7.1 
60.00 20.0 -4.2 
60.00 30.0 .30 
60.00 40.0 5.75 
93.75 -14.0 0.0 
93.75 -13.0 -3.6 
93.75 -10.0 -6.5 
93.75 -5.0 -8.3 
0.0 90.0 8 3 . 0  90.0 7.0 
100.0 0.0 100.0 
.65 45.0  
100.0 0.0 100.0 
.65 90.0 
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COBS'T'RAN Dcmonstration lManrisl 
NASTRAN Deck 
NASTRAN F I  LES=PLT2 
I D  DEMO NO. 6 
APP DISPLACEMENT 
SOL l , o  
TIME 90 
CEND 
TITLE = WINDMILL BLADE STRESS DISTRIBUTION STUDY 
SPC = 2 
DISP = ALL 
SUBTITLE = LOAD DUE TO GRAVITY AND 40 RPM 
LABEL = BLADE DOWN 
LOAD = 12 
STRESS( PRINT, PUNCH) = ALL 
LABEL = BLADE HORIZONTAL 
LOAD = 14 
LABEL = BLADE HORIZONTAL 
LOAD = 1 5  
OUTPUT(PL0T) 
SET 1 = ALL 
AXES X,Y,Z 
VIEW O . O , O . O , O . O  
FIND SCALE ORIGIN 1 SET 1 
PLOT ORIGIN 1 SET 1 
AXES X,Y,Z 
VIEW 30.0,30.0,0.0 
FIND SCALE ORIGIN 2 SET 1 
PLOT ORIGIN 2 SET 1 
AXES Z,X,Y 
VIEW 30.0,10.0,0.0 
FIND SCALE ORIGIN 3 SET 1 




(LEADING EDGE DOWN) 
(LEADING EDGE UP) 
SUBCASE 3 
BEGIN BULK 
CORDZR 1 0 0.0 0.0 0.0 0.0 0.0 1.0+5 + C 1  
+c 1 1.0+5 0.0 0 .0 
LOAD 12 1.0 1.0 11 1.0 2 
LOAD 14 1.0 1.0 11 1.0 4 
LOAD 15 1.0 1.0 11 1.0 5 
GRAV 2 386.4 1.0 
GRAV 3 386.4 -1.0 
GRAV 4 386.4 -1.0 
6-8 (8-31-88) 
C 0 B ST R '4 N I k  mo n s t  rat i o 11 $1 an ual 
I 
GRAV 5 386.4 +1.0 
RFORCE 11 .667 1 . 0  
SPCl 2 123456 1 THRU 14 ~ 
I 
I .  
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POSTPROCESSOR DECK 
CARD GROUP DESIGNATION 
1 2 3 4 5 6 7 8 
1........0.........0.........0.........0.........0.........0.........0.........0 
1- TITLE= DEMONSTRATION PROBLEM NO. 6 
1- TITLE= AIRCRAFT WING STRUCTURE BLADE 
1- TITLE= WIND ENERGY STUDIES 
2- POSTPROCESSING 
2- SHELL/SPAR BLADE 
3- ENDOPTIONS 
4- 0 4 2  
6- 1 10 50 55 70 75 99 110 
CARD GROUP 2 
POSTPROCESSING and SHELL/SPAR s p e c i f y  t h a t  p o s t p r o c e s s i n g  o f  
s t r e s s  o u t p u t  i s  r e q u e s t e d  f o r  a s t r u c t u r e  modeled as  an 
a i r f o i l  s h e l l  w i t h  i n t e r n a l  spars.  
Two o p t i o n  c a r d s  a r e  used i n  t h i s  p o s t p r o c e s s i n g  deck. 
CARD GROUP 3 
Requ i red  ENDOPTIONS ca rd .  
CARD GROUP 4 
Three i n t e g e r  v a l u e s  on t h i s  c a r d  a r e  KSMF, NXSECT and 
NSPAR. KSMF i s  used t o  s e l e c t  t h e  s t r a i n  m a g n i f i c a t i o n  f a c t o r  
t o  be used i n  e s t a b l i s h i n g  t h e  l i m i t i n g  s t r e s s  v a l u e s  f o r  each 
p l y  l a y e r  i n  each node. S e t t i n g  KSMF = 0 s e l e c t s  t h e  d e f a u l t  
v a l u e  w h i c h  i s  recommended. 
SHELL/SPAR o p t i o n  and a r e  a r e p e a t  o f  v a l u e s  f r o m  t h e  p re -  
p r o c e s s o r  deck. 
The o t h e r  i n t e g e r s  a r e  f o r  t h e  
CARD GROUP 6 
GROUP 2 t h e  u s e r  may s e l e c t  up t o  10 g r i d  p o i n t  s e q u e n t i a l  
s e t s  f o r  p o s t p r o c e s s i n g  o u t p u t .  For  t h i s  p rob lem f o u r  se- 
q u e n t i a l  s e t s  were s e l e c t e d .  P r i n t e d  o u t p u t  w i l l  be  p r o v i d e d  
f o r  g r i d  p o i n t s  1 t h r u  10, 50 t h r u  55, 70 t h r u  75 and 
99 t h r u  110. I f  no o u t p u t  i s  d e s i r e d  a b l a n k  r e c o r d  must be 
p r o v i d e d .  
Because t h e  o p t i o n  PRTOUT was n o t  s e l e c t e d  i n  CARD 
6-10 (8-31-88) 
COBSTRAN Demonstration hlanual 
PLOT OF DEMO NO. 6 
750 
(A) FULL BLADE MODEL. 
FIGURE 6. - DEMONSTRATION PROBLEM NURBER 6. AIRCRAFT WING STRUCTURE BLADE. 
6-1 1 (8-31-88) 
COI3SI'RAN Demonstnition Manual 
PLOT OF DEMO N0.6 
(B) SEGRENT 1. 
- -  
-STATION 500 
20 EQUAL SPACES BETKEEN STATIONS 
WITH TWO SPARS 
(C) SEGKNT 2. 
FIGURE 6. - CONTINUED. 
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PLOT OF DEMO N0.6 
675 
(D) SEGMENT 3.  
750 
(E)  S E W N T  4. 
FIGURE 6.  - CONCLUDED. 
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PROBLEM NO. 7 
T h i s  example demons t ra tes  t h e  b a s i c  c h a r a c t e r i s t i c s  o f  t h e  
d a t a s e t s  r e q u i r e d  t o  genera te  a COBSTRAN model o f  a w ing  s t r u c t u r e  
w i t h  f i v e  spa rs  o r i e n t e d  d i a g o n a l l y  t o  t h e  midchord  l i n e .  
PREPROCESSOR DECK DESCRIPTION 
CARD GROUP 2 
These a r e  t h e  program o p t i o n s  f o r  t h i s  COBSTRAN problem. Each 
o p t i o n  i s  d e s c r i b e d  i n  d e t a i l  i n  t h e  COBSTRAN USER’S MANUAL. F u l l  
p r i n t o u t  i s  r e q u e s t e d  a l o n g  w i t h  an echo o f  t h e  i n p u t  d a t a .  A 
NASTRAN b u l k  d a t a  deck  c o n t a i n i n g  PLOTEL ca rds  w i l l  be g e n e r a t e d  
f o r  t h e  model and t h e  u s e r  w i l l  s p e c i f y  t h e  p l y  l a y u p  o r d e r  t o  be 
used t o  c a l c u l a t e  m a t e r i a l  p r o p e r t i e s .  The SHELL/SPAR o p t i o n  w i l l  
c a l l  t h i s  a l t e r n a t e  mode l i ng  f e a t u r e  t o  genera te  an a i r f o i l  s h e l l  
model w i t h  i n t e r n a l  spars .  The ZIGZAG o p t i o n  i n d i c a t e s  t h a t  t h e  
spa r  p o s i t i o n s  w i l l  be d e f i n e d  s e p a r a t e l y  f o r  t h e  p r e s s u r e  and 
s u c t i o n  s u r f a c e s .  
o f  da ta .  
Card Group 6 w i l l  r e q u i r e  two c a r d s  f o r  each l i n e  
CARD GROUP 3 
Requ i red  ENDOPTIONS ca rd .  
CARD GROUP 4 
t o  be based on reduced membrane p r o p e r t i e s  and a r e  reques ted  by 
IMAT = 1. 
Card Group 8 o f  t h i s  i n p u t  deck  a r e  d e s i g n a t e d  by NDES = 4.  
A n i s o t r o p i c  m a t e r i a l  p r o p e r t i e s  genera ted  f o r  each node a r e  
The number o f  m a t e r i a l  systems(p1ys) t o  be d e s c r i b e d  i n  
CARD GROUP 5 
a t e d  f o r  t h i s  model and i s  d e s i g n a t e d  b y  NXSECT = 3. 
Three c o n t i g u o u s  spanwise segments o f  t h e  b l a d e  w i l l  be  c r e -  
The number o f  t hese  segments t h a t  w i l l  c o n t a i n  spa rs  i s  des- 
i g n a t e d  by NXSPAR = 3 and t h e  number o f  spars  b y  NSPAR = 5. A l l  
s p a r s  s t a r t  a t  t h e  base o f  t h e  b l a d e  and e x t e n d  t h r o u g h  t h e  number 
o f  segments s p e c i f i e d  by  NXSPAR. 
The number o f  cho rdw ise  spaces i n t o  wh ich  each c r o s s  s e c t i o n  
w i l l  be modeled i s  d e s i g n a t e d  b y  NYSPC = 20. 
d i v i d e d  e q u a l l y  i n t o  NYSPC spaces. Gr id  p o i n t s  a r e  t h e n  a d j u s t e d  
t o  accommodate t h e  spar  p o s i t i o n s .  The p o i n t s  between spars ,  and 
between spa rs  and l e a d i n g  o r  t r a i l i n g  edges a r e  t h e n  e q u a l l y  spaced. 
F i n a l l y ,  t h e  space a t  t h e  l e a d i n g  edge i s  d i v i d e d  i n  two t o  p r o v i d e  
Each s e c t i o n  i s  f i r s t  
7-1 (8-31-88) 
COBSTRAN Demonstration Mariual 
a f i n e r  mesh on t h e  n o r m a l l y  h i g h l y  c u r v e d  l e a d i n g  edge. 
s u l t i n g  number o f  chordwise  spaces i s  N Y S P C + l  f o r  t h e  f i n a l  model. 
The r e -  
The v a l u e  o f  NOPLY i s  l e f t  b l a n k  f o r  t h i s  case t h e r e f o r e ,  ex- 
tended p l y  p r o p e r t y  i n f o r m a t i o n  w i l l  n o t  be p r i n t e d .  
On ly  one p l y  m a t e r i a l  system may be d e s i g n a t e d  f o r  each spar .  
The a r r a y  NSPDES(5) i s  used t o  i n d i c a t e  t h e  p l y  d e s i g n a t i o n  number 
f o r  each o f  t h e  f i v e  spars .  F i v e  spars  a r e  modeled f o r  t h i s  b l a d e  
t h e r e f o r e ,  t h e  n e x t  f i v e  i n t e g e r s  i n d i c a t e  t h a t  p l y  d e s i g n a t i o n  
numbers, 4 3 2 4 and 1 w i l l  be used t o  model each spar  r e s p e c t i v e l y .  
NSPDES(1)=4 , NSPDES(2)=3, NSPDES(3)=2, NSPDES(4)=4 and 
NSPDES( 5)=1. 
CARD GROUP 6 
The number o f  spanwise spaces i n t o  wh ich  each b l a d e  segment 
w i l l  be d i v i d e d  i s  i n d i c a t e d  b y  NXSPC and t h e  range o v e r  w h i c h  t h i s  
a p p l i e s  i s  d e s i g n a t e d  X i  and X ( i + l ) .  
segment w i l l  be d i v i d e d  i n t o  4 spaces between span s t a t i o n s  6.0 and 
50.0. The second segment w i l l  be d i v i d e d  i n t o  8 spaces between span 
s t a t i o n s  50.0 and 110.0. The t h i r d  segment w i l l  be d i v i d e d  i n t o  3 
spaces between span s t a t i o n s  110.0 and 148.0. For  each c r o s s  sec- 
t i o n  d e f i n e d ,  t h e  spar  l o c a t i o n s  measured f r o m  t h e  l e a d i n g  edge, 
and t h e  spar  t h i c k n e s s  a r e  p r e s e n t e d  t w i c e .  The spar  l o c a t i o n s  and 
t h i c k n e s s e s  f o r  t h e  c o n v e x / s u c t i o n  s u r f a c e  a r e  g i v e n  on l i n e  6a and 
t h e  same v a l u e s  f o r  t h e  concave/pressure  s u r f a c e  a r e  g i v e n  on l i n e  
6b. 
a r e  p o s i t i o n e d  a c c o r d i n g  t o  t h e  spar  p o s i t i o n s  d e f i n e d  i n  t h i s  Card 
Group. Va lues  o f  t h e  n e a r e s t  l o w e r  X i  a r e  used f o r  each i n p u t  sec- 
t i o n  o f  Card Groups 12 & 14. 
t h i c k n e s s e s  w i l l  be i n t e r p o l a t e d .  The r e q u i r e m e n t  f o r  two s e p a r a t e  
spar  l o c a t i o n s  f o r  each segment i s  a c t i v a t e d  b y  t h e  o p t i o n  ZIGZAG, 
o t h e r w i s e  spa rs  w i l l  be genera ted  normal t o  t h e  b l a d e  c h o r d  l i n e .  
For  t h i s  b l a d e  t h e  f i r s t  
Gr id  p o i n t s  o f  each s e c t i o n  o f  i n p u t  i n  Card Groups 12 81 14. 
A l l  i n t e r m e d i a t e  p o s i t i o n s  and 
CARD GROUP 8 
b y  two p h y s i c a l  r e c o r d s .  
Four compos i te  l a y e r s  a r e  s p e c i f i e d .  Each p l y  i s  r e p r e s e n t e d  
The f i r s t  r e c o r d  d e f i n e s  t h e  l o c a t i o n  o f  t h e  p l y  on t h e  b l a d e  
b y  p e r c e n t  o f  t h i c k n e s s ,  span and chord .  The f i r s t  two v a l u e s  on 
t h i s  r e c o r d  r e f e r  t o  t h e  i n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s  o f  t h e  
t h i c k e s t  g r i d  p o i n t  o f  t h e  b l a d e .  The t h i c k n e s s  c a l c u l a t e d  f rom 
t h e  d i f f e r e n c e  i n  t h e s e  v a l u e s  d i v i d e d  b y  t h e  p l y  t h i c k n e s s  w i l l  
de te rm ine  t h e  maximum number o f  l a y e r s  o f  t h i s  p a r t i c u l a r  p l y  a t  
a l l  o t h e r  g r i d  p o i n t s ,  n o t  t o  exceed t h e  a c t u a l  t h i c k n e s s  a t  each 
g r i d  p o i n t .  The n e x t  two v a l u e s  a r e  t h e  i n i t i a l  and f i n a l  p e r c e n t  
span and t h e  l a s t  two a r e  i n i t i a l  and f i n a l  p e r c e n t  c h o r d  as  shown 
i n  F i g u r e  10 o f  t h e  USER'S MANUAL. 
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Note :  I n i t i a l  and f i n a l  p e r c e n t  t h i c k n e s s e s  a r e  
i g n o r e d  when t h e  PLYORDER o p t i o n  i s  s p e c i f i e d .  
The second r e c o r d  s p e c i f i e s  f i b e r  t ype ,  m a t r i x  t y p e ,  p l y  
t h i c k n e s s ,  v o i d  volume r a t i o ,  f i b e r  volume r a t i o  and o r i e n t a t i o n  
a n g l e  i n  degrees  r e l a t i v e  t o  t h e  s t r u c t u r a l  x - a x i s  a s  shown i n  
F i g u r e  6 o f  t h e  USER'S MANUAL. 
CARD GROUP 9 
The p l y  s tack-up  o r d e r  f o r  h a l f - t h i c k n e s s  i s  d e s i g n a t e d  by 5 
p l y s  s t a r t i n g  a t  t h e  o u t e r  su r face .  On ly  t h e  number o f  p l y s  needed 
t o  f i l l  t h e  t h i c k n e s s  w i l l  be used. I f  an i n s u f f i c i e n t  number o f  
p l y s  i s  a v a i l a b l e  an ERROR message w i l l  be p r i n t e d .  The p l y  des- 
i g n a t i o n  numbers co r respond  t o  t h e  o r d e r  i n  w h i c h  t h e  p l y s  a r e  
l i s t e d  i n  CARD GROUP 8. 
CARD GROUP 10 
s e t s .  
where f o u r  s e c t i o n s  a r e  d e f i n e d .  The second i s  f o r  t h e  
convex /suc t i on  s u r f a c e  o f  t h e  b l a d e  where f o u r  s e c t i o n s  a r e  de- 
f i n e d .  
The p r o f i l e  i n p u t  d a t a  i s  r e p r e s e n t e d  by two s e p a r a t e  d a t a -  
The f i r s t  i s  f o r  t h e  concave/pressure s u r f a c e  o f  t h e  b l a d e  
CARD GROUP 11 
The number o f  g r i d  p o i n t s  d e f i n i n g  each o f  t h e  f o u r  s e c t i o n s  
o f  i n p u t  d a t a  i n  CARD GROUP 12 f o r  t h e  concave/pressure  s u r f a c e .  
CARD GROUP 12 
i g n a t e d  as X,  Y, Z, Th ickness ,  Pressure ,  Temperature.  
Each g r i d  p o i n t  d e f i n i n g  t h e  concave/pressure  s u r f a c e  i s  des- 
CARD GROUP 13 
o f  i n p u t  d a t a  i n  CARD GROUP 14 f o r  t h e  convex /suc t i on  s u r f a c e .  
The number o f  g r i d  p o i n t s  d e f i n i n g  each o f  t h e  f o u r  s e c t i o n s  
CARD GROUP 14  
n a t e d  a s  X ,  Y, Z, Th ickness ,  Pressure ,  Temperature.  
Each g r i d  p o i n t  d e f i n i n g  t h e  convex /suc t i on  s u r f a c e  i s  d e s i g -  
7-3 (8-31-88) 
CO I l S l R  i\ N Dcmonstration blmual 
PREPROCESSOR DECK 
CARD GROUP DESIGNATION 
1 2 3 4 5 6 7 8 
1 . . . . . . . .  0 . . . . . . . . .  0 . . . . . . . . .  0 . . . . . . . . .  0 . . . . . . . . .  0 . . . . . . . . .  0 . . . . . . . . .  0 . . . . . . . . .  0 
1- TITLE= DEMONSTRATION PROBLEM NO. 7 
1- TITLE= SHELL/SPAR TYPE BLADE 
1- TITLE= STATIC LOAD CASE 
2- PREPROCESSOR 
2- SHELL/SPAR 
2- ZIGZAG SPARS 
2- DIAG = 54 
2- MPLOTS 
2- PLYORDER SPECIFIED 
3- ENDOPTIONS 
4- 1 4  
5- 3 3 5 2 0  4 3 2 4 1  
6a- 4 6.0 12 .0  .050 18 .0  .050 18 .0  .050 
6b- 15.0  -050  15 .0  .050 22.0 .050 
6a- 8 50.0 9 .5  .050 15 .0  .050 15 .0  .050 
6b- 12.0  .040 12 .0  .040 20.0 .040 
6a- 3 110.0 7 . 0  -040  10.0 .040 10.0 .050 
6b- 8.5 .040 8 . 5  .040 15.0 .040 
6a- 148.0 
6b- 148.0 
8- 0.0 100.0 0 .0  
8- T300 EPOX .005 0.0 .60 90.0 
8- 0.0 100.0 0.0 
8- T300 EPOX .005 0.0 .60 -45.0 
8- 0 .0  100.0 0.0 
8- T 3 0 0  EPOX .005 0 .0  .60 +45.0 
8- 0.0 100.0 0.0 
8- T300 EPOX .005 0 .0  .60  0 .0  
9- 5 
9- 1 2 4 3 4  
10- 4 4 
11- 11 11 9 7 
12- 6.000 -18.000 .ooo .050 
6.000 -14.400 -2.700 .050 
6.000 -10.800 -3.600 .050 
6.000 -7.200 -4.124 .050 
6.000 -3.600 -4.409 .050 
6.000 - . O O O  -4.500 .050 
6 .000 3.600 -4.409 .050 
6 .000 7.200 -4.124 .050 
24 .0  .050 24.0 .050 
22.0 .050 26 .0  .050 
22.0  .040 22.0 .040 
20.0 .040 25.0 .040 
18.0 .040 18 .0  .040 
15.0 .040 18.0 .040 
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2 .5  
5.0 
10.0 
5 .0  
2 . 5  
1.25 
Use t h e  f o l l o w i n g  d a t a  as t h e  e x t e r n a l  da tabank t o  
f a u l t  t o  t h e  i n t e r n a l  databank.  
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FIGURE 7. - DEMONSTRATION PROBLEM NUMBER 7. COBSTRAN ARBITRARY SPAR GENERATION. 
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